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l:!0, 121, 122 an(M25 instructions. Also Fns J23, 175K, l7l.iK. 
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Ni.t allocated 

Not alK^catcd 

17 V !•: Ins I ruction 

Iniertupt SequtMice 
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ISSUE 2 



1904A Mk, 2/1904S FLOWCHARTS (C. P. U) 



1. C.P.U. 



The following rules are given as a guide to the interpretation of the 1904A and (C. P, U. ) flow charts. 



1) Approximate beat durations are indicated by the L classification shown in the upper right hand corner of each beat 
box. The value of the L classifications is as shown in Section (3). Where a store access is required (VR/VW), the 
time given assumes immediate store-access - the beat duration will be 'streiached' if the store is busy when first 
addressed. 

2) A C .P.U . strobe is assumed to occur at the entry to and exit from each beat box . The strobe causing exit from one 
beat will be the same as that causing entry to the next - e .g . 



STROBE 



STROBK 



STROBE 



I 



VI 



uT 



<z 



V2 



Ln 



Hence the physical separation of the beat boxes on the charts does not imply any time dchiy. 

3) Actions shown above the double dotted lines in each box occur at tlie time of the entry strobe to that box -i.e. they are 
primed in the preceding l)eat . Actions below the dotted lines occur at the time of the exit strobe - i .e. they are primed 
by the entry sti'obe . 

4) Where a path decision has to be taken, cither of two formats may be used; 

a) If the choice of oaths depend purely upf)n conditions existing in the nuiehine before entry to the flow chart (e.g. if 
the divergence of paths is a result of the grouping together of two or more similar orders on a single chart), thr 
possible paths diverge from a conimun point and each is suitably annotatt'd, e.g. 



1^ 



c;i>oi 



f GP()2 f Gl>0;i 1 GPOl 1 



b) If the choicL' of paths depend upon conditions occurring as a result of operations within the scope of that particubn* 
flow chaiM (e.g. the setti)ig or resetting of overflow in a jvrt'vious beat, etc.,) the decisive waveform is represented 
within a diamoiui. If the state of the waveform denoted within the diamond is fulfilled, exit is made from tho 
bottt>m ai)e.\; if the Ctmdition is not fulfilled, exit ma>' bo fi*om eitlu-r side, i.f. 



if X, then exit via Z 

if X, exit via Y (or Y^) . 




5) 
6) 



In a few instances, all three exits art- utilised and in these eases the emergent flowlines are indexed. 

Where diamonds are utilised, the eonditions determining the flow path will actually have been made during the 
preceding beat and hence the exit siror>L' of that beat may be synonymous with the entry strobe of any one f)f a 
possible total of three beats, one associated with each patli . This means that the exit strobe from the Ijeat 
wherein the decision is actually made will not occur beft»re that decision as would seem apparent from the lay- 
out of the flow charts. The diamonds are, however, pbtced outside the beat boxes for reasons of clarity and 
the physical space which they oecm>y does not imply any time delay between strobes. 

Where a sequence requires two or more sheets, the software *merge' symbol is used to link subseciuent pages. 

Exit from one chart to another is made via a circle containing the mnemonic of the next sequence, with the EC 
number appended. The majority of seqiienei-s end at EOI anti this is not referenced l)ut implies entry to the 
Instruction Phase (E .C .1) . 



The only exception to this format for exit is where the machine clock is stopped, for example, due to a parity 
failure. In this case, waveform DIE is active and this is shown in an elongated circle. 

7) The right hand column of each sheet Is divided into waveform blocks, one for each of the maximum of five 

dissimilar beats shown on each sheet. Where two (or more) beats with the same mnemonic occur on the same 
sheet, only one waveform block is utilised, the small differences between beats being denoted in the conditions 
column. 

The first column of each waveform block contains a list of signals active during a beat, dependent upon the 
conditions (if any) given in the Conditions column. The centre column lists the monitoring point for each 
waveform, with the format shown below :- 

Plane Row Package Pin No. E. D. Page 

X X XX XX XXX 

Signals above the dotted line are active at the time of the entry strobe and, if staticised, are bracketed. Those 
below the lines are priming signals for the next beat and are staticised by the exit strobe. 

•) The statement of intent (left-hand side of the main sheet) gives a brief description of the main purpose of each 
beat. This is expanded where necessary in the Comments column to include detailed explanation. 

2. PERIPHERAL AUTONOMOUS CONTROL (P. A. C) 

The following rules are given as a guide to the interpretation of the flow charts for the 1904A peripheral autonomous 
control (PAC). 

1) Sheets FC200 to FC204 inclusive. These show the microprogram operations by which the various modes of 
transfer for the peripherals are obtained. They comprise decision diamonds for the microprogram fuiulions 
and boxes to indicate the steps initiated by them. 

2) Sheet FC205 to FC212 inclusive give details for the various steps. Each step is reprssented by a box which 
contains mnemonics to describe the various operations which occur during the step. Each mnemonic is 
associated with the appropriate E. D, signal name at the right hand side of the chart and suitable conmients 
are included. 

Monitoring points for every signal on a chart arc shown, together with their locations on tiio engineering drawings 
(EDs), in the right-hand column of the chart. The monitoring point in each instance refers to the signal source. 

Entry to a step is dependent on the state of several signal inputs to an ANiJ-gate but in general, a step is iniliated 
by one critical signal, the other signals being normally active. In view of this, entry to a step is shown on a ch:n*t ns 
being enabled by the critical signal but all the enabling signals for the step together with monitoring information are 
shown in the monitor signal section of the chart. 

3- L CLASS I FICATION - BEAT DUKATION TIMES 

1904A 1904S 1903T 

LO 340 n. sec 250 n. sec 1450 nS 

LI 480 " 300 " 480 nS 

L2 - LI 400 " - LI 

L3 1.2^. sec 1.2a(. sec 1, 2418 

L4 2. 3^. sec 2.3/x.sec 2,a^S 

L5 3,4/i.sec 3.4/i.sec 3.4^8 




' Machine Slop 
Beat -> 00 



Read Instruction and 
check for accumulator 
address. 



( INT j *" 




Read X to Jl. 



Decode function 
unci load modifier. 



VXL1,L2 



CallX 
X — * B 

[.oadXFM 




COMMENTS 



VEOI will be entered if the previous order was run on "One 
Instruction" to allow the roBults {in B) to be written away to 
X or X* before the clock is stopped at EOI. In all other cases, 
KRUN is active, and EOI (and hence VO) is entered directly. 

Also active at entry wUl be EVQ, GDLA, and EEC-SAD (if 023) 
I117L will be active if the previous order was 117. This puts 
P (sign extended) into A and P. 



VQ: Dependent upon the previous Instruction, the residual 
content of the B roister may need to be written to accumulator 
X or X + 1 , the conditions for this being: 



-♦ X if EOI & ENDUES & (CGOO 1116 I02N3:6 CGIO 1110:2 

V V V V V 

n70:4E I12N356). 



ERX ~ XJ 
EBA7 - X 
EBAZ - X' 

BEG NI 
EVQ 
GDLA 
EEC - SAD 



VQ 



B - 



> X + 1 if EOI & ENDUES & (1040-3 1111:3 1114:5 1116). 



(EC-SAD) 

(EN-SAD) 

READ 

(ESIN-B) 

ECAX-K 

ED- 1:1 

ED-L:2 

NEQV 

M <■ 8 

ERX - XJ 

(EBAZ-X) 

(EBAZ-X") 

GXFM 
EM - LS3 
RESFL 
EVDKC 
EVX 



The new instruction is read from the absolute store address held 
in C (N if the previous order was an 023). During the store 
cycle this address is gated to the mill and compared, by a non- 
equivalence operation, with the datum which effectively subtracts 
the datum from the absolute address. If the remainder is <8, 
the address referw to a hardware accumulator otherwise to a 
store location. In either case, the store is read from the 
absolute address to B. Where M <8 is detected VX is entered; 
otherwise VDEC will bo the next beat. The X, F and M 
registers are loaded from II by GXFM. 



VX: Where M <8 is detected, VX is entered and this reads the 
contents of the accumulator whose address is held ir LS3 {the 
I, s. 3 bits of the mill). This content overwrites B and X, F and 
M are also overwrillen. 



VDEC 



CFx 
CG\x 
(El^M-XJ) 
EilX-A 
(PC HECK) 

EVDAT 
EVMOD 
EVI'RE 



VDltC: decodes tlu; content of the F register to give a signal 
CFx where x is the function number of the loaded instjuction. 
A sign CGxx is also made where xx is the group number. There 
are 3 possible i)aihs, as foUowis;- 

EVDAT if: (UTlJirAL & 11171., & RM - 0) (JUMP & I117L) 

(R F PL & J I IM P) ^ ^ 

KVMOD if: (II 17L &1JTE1UL) (1117 &RM - & JUM1>) 
EVl'RE if: (i!17L & RKPL) ^ 

Si;K (sign extended onto K) will be active if; {JUMP & 1072:3 & 
KJ & FO &RFM01) JUMP & 1072:3 i^ FO & (EJ CSM). 



M.P. 



3F20;4/89 
3F25:8/90 
3F2.'j:6/90 

3C21:G/lt)3 
3A13:20/l 
3F31: 18/74 
2F(> 18/92 



3C 14:8/107 
2 El 1:3/93 

2 E4; 12/162 
(5I>4;2J/248 
3K 10: 10/67 

3 F2 1:25/75 
3 E2 1:22/75 
3E21; 12/75 
2nil;i:/l4ii 
3F20:4/89 
3F:i:.:8/00 
3F2fi:6/90 

2010:7/60 
3E1E):3/91 
21)7:6/32 
3A 11:12/2 
.3A 15: 12/1 



Page 1 19 
Pages 120/1 
3D15T;i5/H^; 

D26: 18/88 
3Dirv 17/112 

3A1 1:21/2 
3Al5:2l/i 
3Al7:2l/2 
3At.:9/l7A 



VX 



ELS3 - XJ 

(EilX-Ii) 

(PCIiFCK) 

GXFM 

EVDKC 
EEC 11 AN 



^Hjmp\ 

LITERAL^ 


^ Gps 
> 00-04, 
13,17E; 






Fns 1 17 






152E - 






154 E. 



ISSUE 



ICL 



1904A MKn 
1904S1903T 



INSTRUCTION PHASE CEOI-VDEC) 



FC1 

SHEtT 1 or 'I 



CONDITIONS 



See 
Comments 



023 
023 



023 

CPR . EXEC 



\ Se< 
J Co 



RM - . JUMP 



See 
Comments 



;iF 19:6/91 

3Fl4:lB/(57 
3Diri:l?/ll2 

:-iDJii;7/t30 

3All:i2/ii 

3A6;Vl7A 



See 
Comments 



JUMP 
(Gps 05 - 07) 




Premodify if required 



VPRE 



0-4/21 -J-K 
(Bee note) 
SC15/22 



Datumise address. 




ICL 



1904A MKir 
190451903T 



COMMENTS 



VPftE^ 



When a jump instruction (1. e. one in group 05, 06 or 07) is 
decoded by VDEQ a test ie made for premodlfication. If 
required (and not in replaced jump mode) VPRE ie entered. 



VPRE; The address in D is gated to K and the premodifier is 
placed on L (from A). The sum of the two is then returned to 



Vl3-^^ — 
B„ ,, -i'K if EJM 072/3 
0-14 V 

SEK from if bit 13 if EJM. 072/5 

'• '" " 14 if (EJM. 072/3) 



ESM.EJM.072 



VDAT; The current datum is gated from D onto L and the 
address is placed on K from B. These are added in the mill 
and the final (datumised) address is loaded into N from the 
Q highway. 

Note: 



Exit to 
GtKJP. 



relevant instruction microprogram is made via 



IMSTRUCTION PHASE :-JUMP INSTRUCTIONS 



FC1 

SHttT 2 OF 4 



"SIGNAL 



(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EAAQ-L) 

(EAAQ-L*) 

(EASX-L ) 

EQAJ'B 

EQKM-B 

EQNQ-n 

L-QRZ-B 

EQ-B 



EVDAT 
GDLA 



VDAT 



(EI>-L:1) 

(EBAJ-K) 

(EBKM-K) 

(EBNP~K) 

(EBQ-K) 

(EBRX-K) 



EQAQ-N 
EQitX-N 



MP 



3F7:26/62 

3F7:24/62 

3E7:2/62 

3F7 -.23/62 

3F33:25/72 

3F33:23/72 

3F33:7/72 

3D13:2l/79 

3013:22/79 

3013:24/79 

3Dl3:23/7d 

3D13: 15/79 



3A1 1:21/2 
3F31: 18/74 



3E21:25/75 
3F7:26/62 
3F7: 24/62 
3E7:2/62 
3F7:23/62 

3E7:4/62 



3El:2/83 
3El:7/83 



2B13:20/9 



CONDITIONS 



JEJ V 
«117L& REPL 
E^M & 11171. L 
(EJ & CS M92) V 
(REPL & 1072:3) 



Prcmodify if required. 




(CSM) 

P ^V 
0-21 

(ESM) 

SCI 5 (CSM) 

SCa2(ESM> 



Modify 



■o-ii"^ 



J ESM) 
Q~~ tn 
^0-21 
X -* A 



B 



1.0 if 1904S 
LI U 1904A 



ISSUE 



iNov.72 



ICL 



1904AMKII 
I904S.190371 



J- 



COMMENTS 



VPRE: The N field is premodified by gating it along with the 
premodif ier fin P) to the mill where the two arc added. The 
reeult le gated to A. 



VMOD: The modifier (in B) le added, in the mill, to the N 
field held in A. The result is strobed to both N and B. 



Exit is made via GOOP. 



INSTRUCTION PHASE 1- LITERALS 



FCl 

SHFET 3 OF 4 



EPAJ-K 

EPKQ-K 

EPRX-K 

(EAAQ>L) 

(EAAQ-L*) 

(EAR-U 

(EASX-L) 



SC15 
SC22 



BQAZ-A 
EVMOD 



VMOD 



(EBAJ-K) 

(EBKM-K) 

(EAAQ-L) 

(EAAQ~L*) 

(EAR-L) 

(EASX-L) 



EQNIP2 

EQ-N 

EQAQ-N 

EQRX-N 

GOOP 

EHX-A 

EQBIP 

EQ-B 

EQAJ-B 

EQKM-D 

EQN Q-B 

EQRZ-B 



MP 



3E9:3/6t) 

3E9:5/66 

3F9;25/e6 

3F 33: 25/7 2 

3F 33 -.23/7 2 

3F33;2l/72 

3F33:7/72 



3U15:6/112 
31)3:22/112 



3F29: 23/81 
3A15:21/1 



3F7:2li/G2 

3F7:24/(i2 

3F33; 25/72 

3F33:23/72 

3F33:2l/72 

3F33:7/72 



3El:8/83 
3El:2/83 
3El:7/83 
2B1 3:20/9 
3D26: 18/88 

3D13;15/7U 
3D13:2l/79 
3013:22/79 
3D1 3:24/79 
3D13: 23/79 



CONDtTIONS 



JUMP& CSM 
JUMP & RM "O 



JUMP & RM-04 
CSM 



EVMOD & CSM 
EVMOD 



JUMP 
JUMP 



IU7L 
RM=^0^ 
(IllTL 
RM Hi 
CSM 



Premodlfy if required. 



Modify 



ISSUE 



1 



ICL 



1904AMKII 
l904S^t903Tl 




(CSM) 

P *K 
0-2i 

(ESM) 

SC15{CSM) 

SC1^2(KSM) 



Q 



(CSM) 




LO if 1904S 
LI if 1904A 



COMMENTS 



l,^:3iGmL, 



VMOD: The modifier (in B) ie added, In the miii, 
field hwUi in A. The result iB ati'obed to both N Jdi 



15xit is made via GOOl\ 



I £PI1X-K 
I (i^AAQ-L) 

{E k:\-U 



COHOmOHs 



\ 

3E9:.V6tJ I JT/MP 

3E9:5/66 \ 

3F9;25/66 j JUMP Hi CSM^ 

3F 33: 25/72 \ JUM? L RM-0 

3F3:):23/72 I __ 

J. 38; ;> ] / 7 2 1 JUM P it RiM 0/i | 



! 



fh'ASX-Ll I 3F3;k7/72 j CSM 



EQA/-A 



VPKE: The N field 1b premodlfied by gating it cJun^ w.ih .he 
premodtfler an P) to the mill where the two arc addtid Tht; 
result 18 gated to A. 



(M'.KM-K) 
vKAAv- t.) 
(EA-^'Q-i..*) 
(EAR- 1.) 
(KASX L) 



■'fX A 
•-1QAJJ3 






:;A15;21/) 



INSTRUCTION PHASE r LITERALS 



FC1 

SHHBT 3 or 4 



KVMOD I 



:i'-7:2G/62 

:^F,'<3: 25/72 
;iF33;23/7 2 
'^;''a3:2l/T^ 

;:;'';^:i-7/72 



3E 1:2/83 | 

3f';i-7/s:i 

2D] 3 2U/;) I 

jn2t> ih/Sf; I 

31)1 3 1.7/7') I 
JD*:- 21/79 
3J3;3 J2/7'"> I 
3013.24/7^^ i 
301 '.-23/7^) I 



Ur7L 

CSM 



Read oper;md n 
to B and Incx'ement 
instruct io» address. 



VR/VTL2 

N-s-SAD 
HEAD 



PLUS 1 
SIN-* 11 



& 




Add and load into 
register A, B and 
P. 



VI LI 



B -»K 
C22 ^M 
M23^CY 

M23 -*> 
Q^A.B.r 



i 



VI LI 



A -> L 
B ~^K 
C22 ^M 
Q^A.B.P 
M23^CY 
M23 ^0 



VI 



LI 



B -^K 
C22 ^M 
Q-5>A,B.P 
- „CCY 
~ SO V if 
M23/M:M 



VI LI 



A ^ L 

B -*K 

C22 -s> M 

Q->A,B,P 

CCY 

^ sdvTif ■ 

MJ;i/M2'0 



J z J 




X (MK I 1904 A) or (C22) 



1. c. omit VI of OOP if MK II 
1D04A and CARRY. 



'^SUE ]^J.,7| " [ I 



ICL 



1904AMKII 
1904S1903T 



COMMENTS 



VR Hi VI: The operand x will be in register A from the 
Instruction Phase. Operand n is read to B from store 
location N. The instruction address is incremented by 
one and returned to roister C, 



VI: The arithmetic operation is carried out ay follows: 

000:- C22 I n -^ A, B & P. Overflow set 

001:- C22 ^ n + X -* A, B, & P. Overflow sol 

004;- as for 000, but carry set 

005:- as for 001, but carry set 

and bit 23 cleared, i.e. (M23 —> 0). 



Kxit occui ti a( FAH atiH the conleiit of rot^ieler II is loaded into 
accumulator X in (ho next beat. 



OOO. 001, 004 & 005 INSTRUCTIONS 



FC2 

SHEET 1 OF 1 






El«S3-XJ 

(KN-SAD) 

(RKAD) 

(KSIN-B) 

(KCAX-K) 

(PLUS 1) 

EQAX-C 

RESFL 

EM-Q 

EBX-B 



EVl 
ECYBO 



(EBAJ-K) 
(EBKM-K) 
(EHNP-K) 
(EBRX-K) 
(EBYZ-K) 



3Fl[»;*i/9l 
2 El 1:3/93 
2E4: 12/162 
01)4:21/248 
3E10: 10/67 
31)24:8/109 
3E 17: 12/2:. 
2n7:G/32 
3C14:23/JG7 
3El4:l8/«7 



31'(i;2j/{il 
31)30:3/70 



3Al»i:12/H 
3K2;25/.4G 



3F7;2<i/02 
3E7; 24/62 
3K7:2/(i2 
3K7:4/(>2 
3F7;2r>/(J2 



3F33:25/72 

3K33:23/72 

3F33;2l/72 

3F33.7/7 2 

3F33:5/7 2 

3F33:,V72 

3F29. 23/81 

31)31:21/79 

31)13:22/79 

3I>1 3:24/79 

3D13:23/79 

3F 12; lb/99 

2I)7:lB/32 

3F11:10/105 

3F22;2r)/lOl 

31)15:17/112 

2Al(J:ir>/41 

3(;i4:23/lG7 

6A(;:21/214 

3B33: 25/44 

3F2r.:H/90 



CONDITIONS 



MAN 

KESFL EN-SAL) 

D ORLF^ fc CPR 

& EXEC 

HXOP 



EVl 
FO 



CF4:5 
F2 



PCKM -RB24 

PFAII^PCHECK 

fNHPFL 



Read operand n to B, and 
increment Instruction 
address. 




N-»SAD 
READ 



PLUS 1 
(SIN-s-B) 



0- 




Add X (fn 3V7 only), -n and C 22, 
and strobe result to A, B and P. 
Set overflow (fn 2+3) or carry 
(fn 6+7), as required. 



(1) 



Fn 6.7 



VI LI 



A->L(fn 3) 

C22->CYD0 

M — s>Q 

Q-s-A.B.P 

CLEAR CY 

SOV 



(2) 



VI LI 



A_-s>L(fn7) 

B -^K 
C22^CYB0 

Q-i>A,B, P 

FQ23Z 
GM24CY 



Exit from Instruction. 




COMMENTS 



Relevant signals active in previous beat: 
EVR, EVI, EEtlN-B, 



VR. VI: Operand n is read to B from store. The current 
instruction address Is Incremented in the mill (PLUS 1 
forces data flow CYBO) and restored to C (bits 0-21). 



Fn 2+3 (1) operate on a s. 1. operand or the m. s. word of 
a d.l. operand (sets overflow). 

Fn 6+7 (2) operate on I. e. word of a d. 1. operand. 

The A -s> L gating (x in A) is only requested for fns 3 and 7. 

1) CCY clears carry from a previous instruction in 
C22. If M23 ^ M24, SOV sets overflow in C23. 

2) FQ23Z clears the redundant sign bit from bit 2'.\ 
of A,B and P. GM24CY sets carry from inverse 
(carry into mill slice 24). 



EOI: The result (in B) is written to accumulator X in the 
next beat. 



JSSUE 



ICL 



1904A MK a 
19O4S,1903T 



GROUP OO, FUNCTIONS 2,3^6 AND 7 



FC3 

SHEET 1 OF1 



(EL83-XJ) 

(EN-SAD) 

(ESIN-B) 

(READ) 

(ECAX-K) 

(PLUS 1) 

EM-Q 

EQAX-C 
RESFL 



EVI 
GALALL 



PNBAZ-K 
EENC22 



(PCHECK) 

(EAAQ-L) 

(EAH-L) 

(EASX-L) 

(fJAY~L) 

(EAZ-L) 

(ENBAZ-K) 

(GNC22) 

PFAIL 

mv. 



EM-Q 
EQAZ-A 
ECj-B 
EQAJ-B 



EQKM-B 

EQNQ-B 

EQR/-B 

EQA/~P 

CCY 

SOV 

GM24CY 

FQ23Z 

EOI 

EKAZ-X 



i:p 



3Fl9:6/9] 

2Ell:3/93 

6D4:2i/248 

2E4;12/1G2 

3E1 0:10/67 

3D24:8/10 

3C14;23/l67 

3E17:12/85 
2D7:6/32 

3F18: 18/80 

3Al6:12/8 
3030:3/70 

2F17:24/94 
2 E7: 12/32 



CONDITIONS 



RESFL 

DORLF.CPH. 

EXEC 

ilXOP 



RESFL 
FO (see 

comments) 

EVI 



3D15:i7Al2 

3F33:25/72 

3F33;2l/72 

3F33i7/72 

3F33:5/72 

3F 33: 3/7 2 

303:9/112 

3D3;17/1]2 

6A6:21/214 

3B33: 25/44 



3Cl4;23/lti7 

3F29:23/8I 

3013:15/79 

3013:21/79 

31)i;«:JL'/7 9 

3013:24/79 

3013:23/79 

3 F 3: 18/8-1 

3F12;18/99 

207:18/32 

207;9/3v 

3F2^!:L^5/10 

2A]{;: 15/41 

3F2n:H/l)0 



See comments 



PGENi=RB24 
PFAIL. 
PCHECK. 
INHPFL 



F7 
CF6:7 



Test N-addreBB for 
reservation violation. 
Add X and C22 and strobe 
resuU to A,B, P. Set cari'y 
or overflow as required. 



(1) 



©RKS 




























FnO 




Fn4 


Fn033 




VI L2 


C^) 


VI L2 




VI L2 




N^SAD 


N-s-SAD 


N-*SAD 




A -*L 




A -> L 




M ^Q 




C22 -* 
CYBO 
M ^Q 

Q^A.B.P 




C22 -^ 
CYBO 

Q*A,B,P 
GM23CY 




Q-*B 
CLKAR CY 












CLEAIt CY 




FQ23/, 








SOV 






































VI. VW LI 


Writf result to ndtiress N, 


N-*SA1) 


and increnioiit instruction 


EB -5> SO 


address. 


WRrrK 




V^i-^"^ 




PLUS 1 




M -^Q 




«-*V21 



Exit from iiiBtr' 







ISSUt 



ICL 



1904AMKn 
1904S 1903T 



COMMENTS 



Relevant signuls active in previous beat: 
GPB, EVl, ECYBO, GALALL. 



FnO (1) operates on S. L. operand or m. s. part of d, c. 
operand (sets overflow). 

Fn4 (2) operates on 1. s. part of d.c. operand. 
Note that in each case operand x is in A. 

1) CCY clears any previous carry from C22, and 
SOV sets C2;j if M23 ^ M24. 

2) Carry is set from bit 23 of the mill output 
(GM23CY) and the rcdumlnnt sign bit is cleared 
fron) bit 23 of A, B iind I' (FQ23Z). 



VW.Vl 

The result (i" '*) '» writlen to store address N. 
The t;un-ont iiititruftion address is incremented by 1 in the 
mill (PLUS I forces data flow CVBO) ami restored to C 
(bits 0-21). 



GROUP 01 FUNCTIONS O AND 4. 
ALSO Fn 033. 



FC4 

SHEET 1 OF 1 



3I&N&L 



(EN-SAD) 

(EAAQ L) 

(EAR L) 

(KASX-L) 

(EAY L) 

(EA/.-L) 

EM-Q 

EQAZ-A 

EQ-B _ 

KQAJ-D 

EQKM-B 

EQNCi-B 

EQU/-B 

KQAZ-P 

CCY 

SOV 

GM23CY 

FQ23Z 

RESKL 



EVW' 
EVi 



VW.Vl 



(EB-SO) 

(WRITE) 

(EN-SAD) 

(ECAX-K) 

(PLUS 1) 

EM-Q 

EQAX-C 

ELa3-XJ 

EBAZ-X 

EOI 



2KI 1:3/93 

3K33;2ft/72 

31' 33: 2 1/7 2 

3K33:7/72 

3F33:.^/72 

3F33:3/72 

3CN:23/1(;7 

•3l^2\\.?A\/H] 

3D13:ir>/7t> 

3D 13: 2 1/71) 

3D 13: 22/7 'J 

3013:2V7t> 

31)13:23/79 

3F3:lH/84 

3K]2:18/<(i) 

21)7;lB/32 

3Fn;10/l0ri 

3E 22: 25/101 

21)7:6/32 



2M.^;1m/:j 
2B2:1H/-. 



:17/106 



3F2 1:9/75 
2E4:G/Ui2 
2 El 1:3/93 
3E 10; 10/67 
3ny4:S/l09 
3C 14: 23/167 
3K17:12/8ri 
3F 19: 6/91 
3K25:8/90 
2A16:ir./-U 



CONDITIONS 



F2. RHSFL 
F2.KESFL 
CF4::i 

F2 

DOULF.CPR. 
EXEC 



RESFL 
IIXOP 



Head operand n to B, and Irvcrement 
instruction address. 



VR/VIL2 



N* SAD 
READ/P 

PLUSl 
SIN->B 



{ INT J- 




(1) 



Add n, X and c and strobe the 
result to A, B and P. Set 
overflow (Inl) or carry {fn5). 



VI 



LI 



A -H> L 

B -^K 

C22*CYB0 

Q* A,B,P 
CLEAR CY 
SOV 



VI LI 



A — 5> L 

B — 5>K 

C2i!-5»CYBO 

M - *■ Q 

Q-* A.B.P 
FQ23Z 
GM23CY 



CE> 



^lMl._ ..^ ^r-Ti 




Write result (in B) to store. 



N -*SAD 
KB -^- SCJ 
WRITE 



Dxit from Instruction. 



ISSUE 



1 

Nov. 72 



ICL 



1904 A MKli 
1904S,1903T 



jCOMMENTS 



_^- 



VR.VI 

SIGNAL 



Relevant signals active in prevloua beat; 
EVR, EVI, EKSfN-Bi GPC. 



VR. VI: Operand n is read to B from store. The current 
instruction address is Incremented in the mill (PLUS 1 
forces data flow CVBO) and restored to C.^. . 



VI: 



Fnl (1) operates < 
d.l. operand. 



Fn5 (2) operates on the 
1) 



1 a s. 1. operand or the ni. s. word 



word of a d.l. operand. 



CCY clears carry from a previous instruction in C22. 
If M2a ^ M24, SOV sets overflow in 023. 

2) The redundant s\gu bit is cleared from bit 2.'i of 
A, B and P. Carry is Bet from bit 2:i of the mill 
output (Gft723CY). 



VW: The result (in B) is returned to store at address N, 
PAUSE i.s retiet hy IH'IOCIW after approximately fjOOnS. 



GROUP 01, FUNCTIONS 1 AND 5 



FC5 

SHFFT 1 OF 1 



(ESIN B) 

(EN-SAD) 

(U?^AD) 

(ECAX-K) 

(PLUS I) 

(PAUSE) 

EM-Q 

ELS3-XJ 

EHX~]i 

EQAX-C 

UESKL 



EVI 

GALALL 
GBKALL 
ECVBO 



(PAUSE) 

(PCHECK) 

(EAAQ-L) 

(EAR-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EBY/.-K) 

(GC22) 

Pli-AIL 

DIE 




KVW 
EE!i-S(> 



(PAUSE) 
(KN SAD) 
(Eli St>) 
(W)il'i'E) 
ELS:i XJ 
EHA7. X 
EOl 



M.f', 



GiM:2l/248 

2En:3/93 

2E4:l2/it>2 

3Elti:10/U7 

31)24:8/109 

2E10:7/143 

3(^14:23/167 

3KU>:(>/9I 

3F 14; 18/87 

3E17t12/»j 

2D7:H/32 



3Al{i.l2/rt 
31)30:3/70 
3F6:21/G1 
3F2:25/9(i 



2E10:7/143 

3D15:17/112 

3 F 33: 25/72 

3F33:2l/72 

3F33;7/72 

3F33:5/72 

3 F 33: 3/72 

3F7:2U/(;2 

3F 7: 24/02 

3l-;7:2/6'/ 

3K7:23/ti;i 

3F7:4/62 

3E7:25/ti2 

2F10:25/li2 

t)A(i::.'l/i:il 

3H3,'i: 20/44 

3CI!: 23/ 167 
3K'i;i:i;:i/8l 

:)Dl3:l.'i/7'J 
31 )i:i: 21/79 
3D 13: 22/79 
31)13:24/79 
3U 1 3:23/79 
3F3:l8/84 
3F12:1H/99 
2D7: 18/32 
3F1 1:10/10;. 
3F22:2r»/l0l 

2H3:]8/3 
2F7;17/]0(i 



2E1<>;7/H3 
2E 11:3/93 
3 F2 1:9/75 
2K4:(>/ltiL^ 
3 E 19:0/91 
3l:':.:8/90 
2A Hi; 15/11 



CONDITIONS 



I HXOP 



RESFL 

DCmi.F.CPU. 

RESFL 
Fl 
FO 
Fl 



PGEN -= RB24 
PFAIL.PCHECK. 



CF4:r) 
F2 



See ConnneMts 



HXOP 
HXOP 



(1) 



Form - (X + c) and strobe 
result to A, B and P registers. 



VI L2 



A — s> L 
CY~J>MILL 

-*SOV 
N -* SAD 

A, B. P. 



(2) 



VI L2 



A -^ L 
CY -^MILL 
M23 -»CY 
CLEAR 23 
N^SAD 




IncvonietU Instruction address. 
Write result of oper;jtion to store. 



VW/VI LI 



C — »K 
PLUS 1 
WRI'lK 
N -^ SAD 
KB -* SO 
M -s>Q 



Q- 



^C 



ISSUE 



1 
Nov. 72 



ICL 



1904AMKII 
1904S 1903T 



COMMENTS 



Relevant signals active In previous beat; 
GPB, EVl, EUYBO. 



Fn ?. (1) deals with a/l or m. s. part of d. 1. operand. 
Fn 6 (2) dealR with 1. s. part of d/1 operand, 

1) CCY forces C22 i. e. clears any carry from 

previous inst. 

If M23 ^ M24, set overflow i.e. force C23. 

2) FQ23Z clears bit 23 of A, B, and P reg ister (not 
used in d. 1. operands. GM24CY - M24 -^ CY (C22). 
The result of the operation in the mill is sent to the 
A, B, and P registers. 



a) Instead of using PLUS 1 to supply the end correction 
required by a negative operand, CY is produced 
(CNC22). ThuK, n' - -(x ^ c) x + c. 

b) GNC22 makes CYBO in Data Flow if RC22. 

c) If K < 8 delnctod in instruction i»hnse, HXOP is set 
and remains set until EOl. 



KeHuivalion Fail if D > SAD >..\. 
VW/Vl 

Increment instruction ad<]iys8 in tho Mill and return to C 
register (PLUS 1) -* daki flow CYHO. 

The stt>ri' is Jiddi'essod from tlie N register and the contents 
of B wri1l<Mi to store. 



a2.016 INSTRUCTIONS 



FC6 

SHEET 1 OF1 



ENALALL 

CCY 

(GNC22) 

SOV 

HC23 

EQAZ-P 

EQ^_ 

EQAJ-ll 

EQKM-Jl 

EQNQ-B 

ECiU/ ~ii 

KQA/A 

F(i23/. 

GM24CY 

(EN-SAD) 

(iiXOP) 

RESFL 



EEB~SO 

EVI 

EVW 



Vl/VW 



(ECAX-K) 

(PLUS 1) 

EM-Q 

EQA.X-C 

(EN-SAD) 

(FB-SO) 

WRITE 



(ILXOP) 
ELS3-XJ 
EHA/-X 
EOl 



MP. 



31)31:7/73 

3F12:1H/(»1» 

31)3:17/112 

21)7:1 a/32 

GL'r):S»/22() 

3C 14: 23/ 167 

3F3:l8/m 

3DlM:K,/7y 

3I)i;<:2l/7y 

3DJ3:22/7y 

3D13:24/7i» 

31>ia:23/7iJ 

3F2»: 25/81 

3W 22:25/101 

21)7:9/32 

2F] 1:3/93 

3C2G: 23/100 

21)7:6/32 



2F7:17/lOti 

2B2:18/4 

2153:18/3 



3E10; 10/67 
3D24:8/109 
3C 14:23/167 
3 E 17: 12/85 
2Ell:3/93 
3F2 1:9/75 
2E4:6/162 

3C26:23/]<J0 
3F 19: 6/91 
3F 25: 8/90 
2Al6;15/4i 



CONDITIONS 



F2.REHFT, fc 

„ OPB 

F2 

HM23y tIM24 



F2 
CF():7 

See Comment (c) 
DQRL F. CPR. 

^:x^;c 

11X01 '. EVW 



IfXOP 

See Corrmienls 
RXOP 



Head operand n from store to B 
register and increment instruction 
address. 



Form n - (X ^ c) and stri>bt> -roBult to 
A, B and P regiBters. 



Write rcHull (in B) to stoic. 



VI/VR L2 

N -s-SAD 
READ 
PAUSE 
C — »K 



VI LI 



A~^ L 

CY-s-MILL 

M23^M24 

CCY 
Q.^A.B.P 



Wlvl'il': 
EN~S/\l> 

KB- SO 



(2) 



VI LI 



B -->K 

A -» L 

CY->MILL 

M24 '5>CY 

CLEAR 23 




fSSUE 



ICL 



1904A MKE 
1904S,i903T 



COMMENTS 



Relevant signals made in previous boat: 
EVI, GPC, EW, EESIN-B, ECYHO. 



VI/VR; Read operand n from store to B. 
Increment Inel, addr, (In C) and return to C. 



Reservation fail if ID > SAU >, L, 



Fn 3 (1) deals with s/l or m. s. part of d/1 operand. 
Fn 7 (2) deals with I. s. part of d/1 operand. 

1) CCY strobes C22 - i. e. clears any carry from 
previous inst. If M23 ^ M24 set overflow, i e 
force C2;j. 

2) FQ2:iZ clf.'us bi'- 23 of A,_B and P register (not 
used in d/1). (;M24CY M2l ^ CY (C:2;>) 

The result of the operation in tlu' mill is sent to the A, B 
and P register. 



a) ln«t(;;ul of uaiivg PLUS 1, to supply^tlic end (correct i< 
required by ;) iK-i;al (\ c operand, CY [^s pfiKluccii 
(C;NC22), Thus, II' - (X + c) x • c. 

b) GNC;^:-'. niaKLH CYhU in d:U;i How if U( 'j:' 

c) If K -^ B de(LH:(c.i 111 insliiKtioti phase, ]\Kn\> i.s set 
and rciiKiins avi tnitil IX H. 

If parity f:.)l, stop niricliiiic si t obr (DIK). 

iU'servaMou fail il I) - SAD I. 



013, 017 INSTRUCTIONS 



PC 7 

SHEET i or 1 



(EN-SAIJ) 
(ICXOP) 

ELS3 X,I 

EltX-IJ 

(ESIN B) 

RI 

HH 

(PAUSE) 

RKSFL 

(ECAX-K) 
(PLUS I) 
EM -g 
EQAX-C 



GjiKALI, 

enaT^li. 
eknailxl 

EKNC22 
EVI 



(PCilia^K) 
DIE 



(EBAJ-K) 

(EBKMK) 

(EBNP-K) 

(EHQ-K) 

(KHHX-K) 

(EBY'/-K) 

(ENAAQ-L) 

(ENAHX-L) 

(ENAY/-I.) 

(GNC2:i) 

CCY 

SOV 

RC23 

F.QAV. V 

KQA7 A 
\Q U 
EQA.I H 
EC^KM W 
EQNCJ n 
KQH/ n 

t;M;Mt'V 

(llXnl') 



(KN SAD) 
(llXf^U) 

r:i,s:s x,i 
i;nA/ X 

Kll SO 



MP. 



2KU;3/9:i 

3c:2ti:2:Vi«>t> 
;iFiUi<>/'.»i 

3F 14; 18/87 
GD4:21/24H 

CftEl;2()/281 
<:i"jKl::';i/2K4 
2E10:7/i43 
2l>V;()/32 

3FH»;I0/t;7 
31)24: H/1 Oil 
3C 14: 23/ Hi? 
3EI7:12/H5 

3K(i:2l/(H 
3n3 1:7/73 
3K33:i;o/t02 

:;K7:l2/:i2 
2H2:1«/'. 



3Uir.:17/ll2 
3ll33:L'r)/M 



3r7:2ti/(i2 

3F7:24/C2 

3E7:2/62 

3F7:23/(j2 

3F7;4/GL' 

3F7:2r)/(i2 

3C14;7/l(i7 

3n;u:r)/7;i 

31)3] : 2;-) /7 3 

31)3:17/112 

3F 12: !»/!>'.) 

207:18/32 

(lC:»;lt/22b 

3CM:23/l.r 

3I':1:!H/k4 

3F2^i.■.:3/^il 

3D13:ir,/7;i 

31)13:2 l/7i» 

31)13:22/71. 

3D13 :'')/7:i 
;sD 1 3: :':*/;•» 
3l''2;':';i/io 

L'l)7:;)/3;' 
3(Vi.,:.*/H.. 



>!■■<: IV/ an 



2iJ I -3/;) 3 

3r'(,;::;i/i(i«i 
3Ci;i:G/'.n 

3 !■■ 25:8/90 
31'21:i)/7:i 

(7.i;i:2 1/284 
C';7K 1:22/284 
2Al<l;irj/- 



CONDITIONS 



See Con 

UXOP 

IIXOP 



IIXnp.GPC 
I>UHEF.CPR. 
EX EC 



PCBECK. 
PFAU, 



1IM23 y HM24 



Sri- Comnujiiti 

uxor 



Read operand n from store 
and increment instruction 
address. 



VR/V1L2 



N-*>SAD 
READ 
C — J-K 



Perform arithmetic 
operation. 




COMMENTS 



VR/VI 

fiGNAL 



Also active at entry will be; GPA, EVR, EVl. and EESIN-B. 



VR/VI: The operand n Is read from the store to the B register 
and the instruction address is Incremented and returned to C, 
operand x (In A from the Instruction Phase) is gated to the mill 
via the L highway. 



ISSUE 



1 

Nov. 72 



ICL 



1904AMKn 
1904S,1903T 



Vi: An arithmetic operation (AND, OR or NONKQIH VALENCE 
according to the function) lb performed in the mill on x and n 
and the result gated via Q to the A, B and P r^ipierw. 
The final result of the operation in S is gated to accumulator 
X in the subsequent Instruction Phase, exit to which is made 
at EOI. 



020,021,022 INSTRUCTIONS 



FC 8 



SHECT 1 or 1 



(EN-SAD) 
RESFL 

^ESIN-B) 

RI 

RR 

ECAX-K 

(PLUS 1) 

EQAX-C 



GBKALL 

GALALL 

EVl 

EAND 

EOR 

ENEQV 



(PCHECK) 

(AND) 

(OR) 

(ni-:qv) 

CCY 

EC^AZ-P 

EQ-B 

EQAZ-A 

DIE 

EOI 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EliYZ-K) 

(EAAQ-L) 

(EAR-L) 

(EASX-l.) 

(EAY-L) 

(EAZ-L) 



M.P. 



2RU;3/93 
2D7-6/:J2 

6D4:2l/248 
C5El:20/^84 
C5El:23/2b4 
3EI0: 10/07 
3D24: 8/109 
3E17;12/8r) 



3F(i:2l/Gl 

3D30:3/70 

3Al(i;12/8 

2Dl8:25/9r, 

3B33.12/4-t 

3D20:17/107 



CONDITIONS 



DC JRLF & CPR 
& EXEC 



CFO 
CFI 
CF2 



3D]rj:l?/ll2 

3E21;{i/75 

3D3: 11/112 

3E21:12/7S 

3F12;I8/i)l) 

3F3:J8/84 

3D13;ir)/7!) 

3F2y:2;Vf(i 

3B3a:2ri/-M 

2AIG;l«/'n 

3F7:2(./(i2 

3F7: 24/62 

3E7:2/(jli 

3F7:2;i/02 

3P7:4/02 

3F7;25/(;2 

3Faa:2r>/7 2 

3Fa;):2l/72 

3 F 33; 7/7 2 

3F 33: 5/7 2 

3F 33; 3/7 2 



CFO 
CFI 
CF2 



PFAIL &lNliPFL 



Vli/Vl\/1 



Read operand n 
to H and iticrciiicnl 

instruct ioti ad(tre88. 



ISSUE 



ICl 



f ■' 

I Nov.' 



N ->- SA n 
SIN ~> li 
RKAO 
C "*K 
PLUS 1 



Q -- (.: 








, ^ -v 






024 


025 






VI LI 




VI LI 


Ciitc rc'iiuirod 
iivUl of n to A. 
11 and V. Cka. 


B -^ K 

J 

Q - A , H 
Q -■ V 




Qi A, n 


c.u 1> . 


CCV 




CCV 






/ 


C ""^-< 


PI 'AM ^ 


V y ^ 


X 


X- 









e 






COMMENTS 



Also active at entry will be; 
EVR, EVI, EESIN-H and GPA. 



VK/VL The operand n Ib read from store to rt^ister H. 
During the store cycle, the inslriK-tiun address ie updated 
and returned to C. 



a) 024: a eharaeter li. of {\u- operand n is t^aU'd vi:i 
K and the mill (o a', H .'.nd I'. 

h) 02S: the n field (the L e. U bitb of n) is j^atrd via 
K and the mill to A, W und P. 

in thf Insli'iK'lioi) Pha.sr v,lu. li lothms (oiiU'icd al 
Lt)i) tin- leqnirevl n field its i',;tlcd to the isri.M-lt <l 
atTunndaU.i- X. 



13 



19CMAMKn 
1904S,1903T 



(EN- SAD) 


2VA\ 


■A/WA 


HEAD 


2E'L 


2/n. 


<EKlN-n) 


(il>LL 


l/:'-t 


ECAX-K 


;1E10 


lO/u 


(PLUS 1) 


;UKM 


sVi" 


EQAX C: 


31 ;i, 


\ ■//><. 


KVl 


3Alti 


i;.'/H 


EEP.I-K 


AW: 


■//■. i 


EVl:.!r. 




/.ll! 



(Kll)-K) 


:iE2LI7/7:> 


(KUAJK) 


;JP7:2()/(i2 


KQAZ-A 


:iV2'A:2:i/b\ 


^J(^\/. P 


;iF;i:18/h4 


EtjAj 1} 


:il)Ll:2J/7M 


EQKM"]i 


3l)!:J:22/7i> 


EQN(^ fl 


:U)i:i:24/7'.* 


EQU/ H 


3J)13:2;(/7'.i 


CCV 


3F12:lb/;)<J 


EOI 


2Al(i:)r)/'ll 



024 AND 02S INSTRUCTIONS (GOOP- EOI) 



FC to 

SHEfT 10F 1 



CONDITIONS 



Read operand n from 
store and increment 
Instruction address. 



WVRU 



N ->SAD 
_REAp 

C -*K 
PLUS 1 

" q"^ C~ " 

SIN -*- B 



COMMENTS 



Also active at entry will be; 

EVI, CG02, CF6:7, GPA, EESIN-B and 1026 or 1027. 



C > 1 
-i>C 




, T^ I^fT j 



1) Compare n and x; (1) 
if ??, Bet cany. 

2) Compare n ^^ c and 
x; if n H c > X, set 
carry. 



B --^K 
A -^ L 
NEQy_ 

SerCY if' 
HM0(i-23 
^ or CY 

Q-* A. B 
Q -^P 



(2) 



B ~*K 

A -* L 

C22^CYB0 

SeTcyY 

MC24 

Q ->A, B 



CE)-" 








Y = 028 & MK3 1904A & C22 



VI: Operand n is read from store to B. During the atoro 
cycle, the instruction address Is incremented and returned 
to C. 



1) 026; n (in B) and x (in A from the previous 
Instruction Phase) are gated to the mill whoro 
a non-equivalence lest is performed. If 
non-equivalence is found, carry (022), in set. 

2) 027; n ( c is subtracted from x by gating n 
(i. e. B) and A to the mill and adding Ihem. 
Carry is set in mill bit 23 (HM23) is a 1 i. e. 

if n t c > X. 

In both cases, the content of the mill is gated to the 
A, B and P registers. Exit is made to the 
Instruction Pliasc at KiU. 



ISSUE 



1 
Nov. 7 2 



ICL 



1Q04A MKH 
1904SJ903T 



026 & 027 INSTRUCTIONS (GOOP EOI ) 



FC11 

SHEET 1 OF 1 



(EN-SAD) 
(READ) 
(ESIN-B) 
ECAX K 
(PLUS 1) 
EQAX-C 



EVI 
GALALL 



PNBAZ-K 
E1:NC22 



(EAAQ!.) 

(ICAAq-l.*) 

(EAH L) 

(EASX-I.) 

(EAY-L) 

(EAZ~I>) 

(EUAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBltX-K) 

(EBYZ-K) 




EQRZ-B 



M.P 



2EU:3/93 
2 E4: 12/162 
tiD4:2l/248 
3E10: 10/67 
3D24:8/109 
3E17:12/85 



3A16:12/8 
3030:3/70 
3F6:2l/bl 

2F 17; 24/94 

2 EV: 12/32 



3K33:2r)/7J 

3F33;2l//2 
3E 33: 7/7 2 
3F 33: 5/7 2 
3F33:3/7 2 
3F7: 20/62 
3F7: 24/62 
3E7:2/G2 
3F7: 23/62 
3F7:4/62 
3F7: 25/62 

3F29:23/8J 

3F3:]8/84 

3i)]3:2l/7y 

31)13:22/7;* 

3U13:24/79 

2D7;9/3li 

3D3:17/112 

303:4/112 

31)13:23/79 

2At6:15/n 



CONDITIONS 



Il0ffl1-»tKmajjd n from store 
and Incremein instruction 
address. 



0- 




Logical mill operation on 
X and n. 



B — ?>K 

A — 5> L 

A^JU^ 

q ^ A,B,: 
CCY 



■^ CF2 



B --> K 
A — i^ L 
_ OR 

i ^A.IJ.V 
CCY 



VI LI 


B -*K 


A -^L 


NKQV^ 


Q >A,B,P 


CCY 



IL...J 



GEy 




ISSU6 



ICL 



1904AMKn 
1904S1903T 



COMMENTS 



VL 



VR & VI; The store is accessed at the N address and 
operand n is read to B, Operand x is in A from tlio 
Instruction Phase. VI increments the Instruclion address 
and returns It to C. GBKALL and GALALL prime B — *■ K 
and A — *■ L respectively. 



VI: A and B are gated to L and K respectively and thus appear 
in the mill. A logical AND, OR or NONEQUIVALENCE 
operation is performed on the operands and the result is 
strobed to A, B and P. The result must bo in B for writing 
to store, but is also placed in A atui P for the sake of 
uniformity of the VI beats. {The 023 and 117 niubt have a 
copy of the result of VI in A and p in ease of interrupt). 



VW: The resu't is written to the store location held in N 
(or to nn fueumulalor addressed b}' LSH which would have 
been load^'d from the milt in the Instruction I'litiso). 



030.031 &032 INSTRUCTIONS (GOOP-EOI) 



FC12 

SHEET 1 OF 1 



aONALI 



(EN-SAD) 

(ESIN~B) 

(READ) 

EL.S,'i~X.J 

EIIX-B 

(ECAX-K) 

(PLUSI) 

EQAX-C 

RESl L 

EM-Q 



GBKA LI, 
GAIALL 
EANI) 
EOll 

ENKQV 
KVl 



(EBQ-K) 

(PC HECK) 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBHX-K) 

(EBYZ-K) 

(EAAQ-L) 

(EAAQ-L*) 

(EASX-L) 

(LAY- 1) 

(EAZ-I.) 

(EAR-L) 

CCY 

(Ni';g\) 

(AND) 
(OR) 

Eg A/- A 

Tx^A,r-B 
ECiKjVl "b 

EtiNC^'B 
KQHZ-B 



(EN- SAD) 
(EN- SO) 
(WIU'J'E) 
El-S.'i XJ 
EiiAZ X 

EOI 



M.P. 



2Ell;3/l):} 
604:21/24 8 

2E4:12/1{>2 

;]F1 9:0/91 

;)E14:I8/87 

:i El 0:10/67 

3D24;8/109 

:tE17:12/85 

2D7:6/a2 

;IC14 :2;i;l(i7 

;i EG; 2 1/61 

3D;io :i/7 

2Dl!:!;Jr)/<»r> 
3B:*;i: 12/44 
31)20:17/107 
3A16:12/H 



3D15:I7/Itl 
;j 1-7:26/62 

:iF7:24/62 

3E7:2/62 

3E7:4/G2 

:jE7:25/62 

3K;i:1:25/72 

3f;j;i:2:i/72 

;U' 3 3: 7/7 2 
3F33;5/7l! 
3F33:3/7 2 
3F33:2]/72 
3FI 2:18/99 
3E2l:r2/7S 

3i-;:^j;6/7;> 

3D3.n/ll 

3F29:23/81 

3F3:lh/84 

3013:21/79 

3Dl3;22/79 

3D1 3:24/79 

301 3:23/79 



.2F7:17/10G 
2h3:18/3 



Ell:3/9:i 
F21 :9/7f) 

2 E4: 0/162 

3 Fl 9 ;(;/;)] 

3F2;.:8/ 

2AI0:]5 



90 



CONDITIONS 



HXOP 
■ HXOP 



RES EL 
D OHLF Si CPR 
& EXEC 



CFO 
CF2 
CFl 



C F2 
CFO 
CFl 



HXOP 



I HX( 



Head operand n from storo 
and increment instructi(>n 
address, 



VR/Vl L2 



N -^ SJ 

RKAD/PAUSK 

C -*K 

PLUS 1 



Strobe si.dectcHl 
pan of \ to A, 
B and 1^ 

rt-^'jistcr.s. 



VI LI 

A --> L 
FANQ 
t'CV 

Q - - IV 



VI LI 



A - L 

ccv 

-.- A , P 

■ B 



0-8 



C£> 




11 Ll 
A - L 



A. P 



A - ■,- L 
CCY 



A,P 




ICL 



1904A MKir 
1904S,1903T 



TTJ^ 



COMMENTS 



Also aciivc at onlry will l)c KKN-SAD, ClJOa, CK'Lt 
CF4-7, I0:}4-7, I03G:7, 1035:7, etc . 



VK/Vl: The operand n is read from store location N to 
register II. The instruction address is updated by one ; 
returni'd to C. 



\1: The A legister (containing.', x loaded in the Instruction 
Phase) is gated to tlie mil) and a selected portion ot it is 
gated as follows: 

034 : (QU~5) -- B. 

035 (QO-8) — A^, 15, I' 

03(1 : (QO-n; -- A, TV !' to 11 partinlly. 
037 (gO-14) - A, H, IM.> A and IMolaliy. 

For tile ();M, the 1. s, b Ints u( (l:r snill are i;niMed tu <.} luu 
one sli-ohed lu H . Carry is eleaied inidi eases. 
J 

'j'he recmired ehai'aeter is shohed to R to In.- wriden i)u;i\ 
in tlie next I.eat a;,d is idsn plaeed in A and !'. 'Ihe hitler 
is perfornicd lor (he s;d;e of uniformity of all VI tM;ats: 
til.; U:lH atui J 17 orders musl have the resnll o| \ i in A an. 
P in e;)sc of inlei-ctip! mt fu.'.silal ion. 



VW: The result ol \' J 
in N (lpj- t(j an aeemnul 



is written to the store loiiiliuti hehl 
;,lnr ,■Kl'lres^ed by LS:i wlueh m'oliM 
ihe mill in tlu; Instruction i'ha-.c). 



034,035,036 & 037 INSTRUCTIONS 
(GOOP-EOI) 



FC13 

SHEfl 1 Of 1 



(KN-SAD) 
(KSIN-R) 
(HKAD) 
KLS3-XJ 
KKX U 
{KCAX-K) 
(PLUS 1} 
KQAX C 

KKSFL 



IJALALI, 
FVi 



(PCilLt'K) 

(FAA(M,y 
(KAAt/-l/) 

(i:Ait 1,) 

(KAS.X-L) 

([•;avl) 

tKA/.--L) 
E(}A / ■ A 
KM FAN 

FC^\J-Ti 

FQKMjdi 
KQNQ-R 
FQ-R 

KFB-SO 

i';\'\v' 



(FN-SAi)) 


2FI1 V 


(Fh-SO) 


3F-i;)/ 


(WRiii;) 


lilvl:(i/l 


Fi,s;i-x.i 


31 ■me,/ 


i:ij\/-x 


;;i':^es/ 



IJl)'l:-M/24« 
G1)4:21/-'4H 
2F4:12/lG:i 

3F 1 '.):!;/ 1 ;> 

3 F 14: 18/87 
3F10: 10/(17 
3i}:^4:8/10lJ 
3F!7-.Il.'/^'3 

31)7:0/32 



:<l);!(r3/'io 

:!A]ll:l;V8 



CONDITIONS 



INIll'AUSF 

Flxo)' 



IlXiJp 

MAN 

RFSFL ^ 

KN-SAU 

IX )ll FF K; CPR 

i.' i'A'Fc: 



7/! 1.: 

!>/7- 



3i)ir, 

3F33: 

3 F33: 23/7:1 
3 1' 33:21/ < 2 
3F33:V'2 
3|'33:../7 2 
3 1' 33: 3/72 
3 f 2 i): 23/81 
31''28;l7/lir 
3l-:i8-ll)/rtO 
31.)13;2l/7il 
3I)!3;2J/V3 
31)13; 24/7!J 
3U13:ir)/7;) 

2F7;L7/n)(i 
2H;els/3 



103..: 
i03(.: 
1037 



Read multiplicand from 
store and Increment 
Instruction address. 



VR/VIL2 



fmr j *_ 




Gate multiplier to P and 
set logical shift and count . 



COMMENTS 



Also active at entry will be EVR, EVI, GCKALL, EQCALL, 
1040-2 and Ci-'O, 1 or 2 as appropriate. 



VR & VI: Q to C gating Is inhibited if there is a reservation 
failure (RESFL). 



VlO: The multiplier (x) is available in A from the Instruction 
Phase and is gated to P The count (N ) is set to 24 and a 
logical shift specified (i e. N = 1). ® 



f DIE J — ^- 




Gate multiplicand to A and 
decrement count (to 23). 



1) Shift multiplier one place 
right (in P) atui clear B. 

2) Shift multiplier one place 
right and form 2~23 in 



3) Shift multiplier one 
place right in P. 





CFl 


CF2 


Vi2 LI 


(3) 


V12 LI 


FK23 


DSIIH 


DSim 


-Q 


^b 







Multiplication Looji. 




VI 1: The multiplicaud (n) is gated to A and the count 
decremented to 23 (NSUB). Register B is loaded with x* 
for the 042 instruction. 



1) B is cleared to give a first partial product of zero. 

-23 

2) B is forced to 2 to form the rounding f r'acliou. 



V13; Tiie multiplicand (n) is added to the previouB partial 
product in the mill if the 1. s. multiplier bit (PO) is 1, For 
the first loop, n is added to the content of B whicli contains 
either zero (040), 2 24 (041) or x* (042). A double right 
shift is performed, the 1. s. bit of the mill being gated to the 
m. 6. bit of P. This loop is repeated 23 times (i. e. until the 
count is NO-S equals 1). After all 23 cycles, B will hold the 
m. B. part of the final product. M24 is gated onto 023 (vJKitii 
as a result of the shifting operation) for inj)ut to B as the 
addition of the multiplicfind and cumulative partial product 
may result in overflow into M24. The 'flag' bistable FIXJl 
is set if the 1. s. multiplier bit (PO) is 1, to maintain a record 
of it during any subsequent hesitation. A hesitation break- 
point and UTI exit point are provided at the end of each cycle 
of the loop. 



ISSUF. 



I 
Nov. 72 



ICL 



1904AMK1I 
1904S,1903T 



040,041 &042 (MULTIPLY) INSTkUCTIONS 
(GOOP--VH13) 



(EN-SAO) 
(READ) 
(ESIN-B) 
RESFL 

(ECAX-K) 
(PLUS 1) 
EQAX-C 



EVIO 

GALALL 

EV33 



(EAAQ-L) 

(EAAQ-L*) 

(EAR-L) 

(EASX-L) 

(EAV-L) 

(EAZ-L) 

EQAZ-P 

FN24 

FNTl 

EVll 



(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBIIX-K) 

(EBYZ-K) 

EQAZ-A 

EHX-B 

NSUB 

EV12 



MP 



2Ell:3/93 
2E4: 12/162 
6D4:2l/248 
2D7:6/32 

3E10: 10/67 
3D24:B/109 
3E17:12/85 



2A5:9/13 
3D30:3/70 
3B20: 20/33 



3F33:25/72 
3F33:23/72 
3F33:2l/72 
3F 33: 7/7 2 
3F33:5/72 
3F 33: 3/7 2 
3F3: 18/84 
3D29:13/113 
2D18:8/95 

2A6: 16/14 
3F6:2l/6l 



EQAJ-B 
EQKM-B 

eqnq"b 

EQR'/-H 
KQ H 
pSHli 
FK2;! 

EVJ3 

GBKAl'l, 

GALAl.L 



(EBAJ-K) 

(EBKM-K) 

(EIJNP-K) 

(I-;ijlQ-K) 

(KBflX-K) 

(EBYZ-K) 

DSIIR 

(EAAQ- L) 

(EAAQ L*) 

(EAR-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

EMii4Q23 

SETFLGl 

FLG 1 



FC14 

SHEET lOF 2 



3F7:2(i/6'i 
3F7:24/(i2 
3E7:2/62 
3F7:23/G:i 
3R7:4/62 
3F7: 25/02 
3F2y: 23/81 
3F 14: IS/ 87 
3F18: 21/80 

3RJ 1:10/15 



CONDITIONS 



D ORLF fc CPR 
& EXEC 



MAN 

RESFL 



RESFL 

EVIO 
RESFL 



3013:21/79 
31113: 2;V7 9 
31)13:21/79 

31)]3;2;i/V9 
•SDlli: IS/79 
2C9;I.S/12 

yj)5:(;A.i» 

2Al8:0/]t) 
3Fli:2l/til 
3D30;3/70 



3F7:2U/<j2 
3F7:24/G2 
3E7;2/e2 
3F7: 23/62 
3F7:4/62 
3F7: 25/62 
2Cy:l3/i:i 
,'JF33:2.''./7;i 
3F 33; 23/7 2 
3F 33: 2 1/7 2 
3F33:7/V2 
3F 33: 5/7 2 
3F 33: 3/7 2 
31)17:9/22 
3C:iO: 10/150 
3C3i::24/]r.:> 



EVIL 



IIESBKPT 

EVI 7 



EV16 
EVi5 



QBKALL 
ENALALL 
EENARX-L 
EPKALL 



2A18:5/I(i 

2BIf):2r,/.17 
2A]0::?/yi 

2A9;9/20 
2A8:9/l9 
3F6:2l/6] 
3031:7/7 2 
3E33:2(Vl02 
/6G 



(I'O & ENDUES) 
(FlXJl i, 
ENDHES) 



(PO & ENDUES) 

V (FU'. 1 i, 
ENDUES) 

M24 - Q23 

PO 

See Comments 



HTI & NO -5 = 
&HR 



NO-5 --^ l.RTI. 

HR 

NO-5 - 1 

NO-5 - 1 fc PO 

NO-5 - 1 i PO 

EV15 

EVlD 

EV16 



Subtract mulliplicand irom 
final cumulative partial 
product . 



V15 LI 



B — i>K 
A — J> L 
PLUSl 
Q -^ B 
SOV 



Write ni, 8. half of final 
product to X and clear 
carry and flag bistables. 




1904A MKn 
1904S.1903T 



ICL 



]::n: 



COMMENTS 



V15: Overflow is set If M23 4 Mii4. This beat occurs 
only for a negative multiplier. 



VKi: The i. s. half of the result is tiiibjtM ( to a final right 
siiift in the mill and is written 1u accumulator X * 1 in VQ 
of the subsequent Instruction Phase. 



040.041 8t042 (MULTIPLY) 
INSTRUCTIONS CVH15-EO0 



(EBA,J-K) 

(i;bkm-k) 
(p:bnp~k) 

(EUQ-K) 

(EBRX-K) 

(EByZ-K) 

(ENAAQ-1.) 

{ENAJIX-L) 

(ENAVZ-L) 

(PIJJS 1) 

EQA J "b 

EQKM-B 

EQNQ-B 

EQIt/B 

EQ 11 

SOV 

EVUi 
EPKAIJ. 



EBAZ-X 

(EPA.T-K) 

EPKQ-K) 

(EI>iLX-K) 

(EPYZ-K) 

SH'* 

EQ^VJ B 
EQKM-ti 
EQNQ-B 
KQl(/-B 
EQ It 

ccy 

EOl 



FC14 

SHt FT 2 OP 2 



MP 



3F7:2(>/<Ji! 
3F7;24/()2 
3E7:2/G2 
3 E7: 23/62 
3E7:4/G2 
3F7: 25/(12 
3CI4:7/Hi7 
31)31:5/7:* 
3031:25/7 3 
3D24: 8/109 
3Dl3:2l/79 
3 Dl 3: 22/7 9 
31113:24/79 
31)13:23/79 
31)13:15/79 
2m: J 8/32 

2A9:9/20 
/tJ(J 



3 F 25: 8/90 
3 E9: 3/ till 
3K9:5/tJ() 
3F9;2r./(i«i 
3F9:23/(i(i 

3F2U; 10/97 
3U13:2i/7!i 
31)13:22/79 
31)13:24/79 
31)13:23/79 
31)13:15/79 
3F 12; I a/ 99 
U:H)/ir,0 
2Al(J:ir./ll 



CONDITIOr^S 



r 



Read nj (from address N) 
to B. Increment Instruction 
address. 



f INT V- 



Readx* to B, test nj. 



GD" 



HES 
FC.53 



Read x to A, strobe x* 
to P. 



Iload X* to A, Btrobe 2x to 
ii and 2x* to P. 



Strobe 4x to U, and 4x* to P. 



ISSUE 



1 
Nov. 72 



ICL 



VR.VIL2 
N-^SAD 
READ 

PLUS 1 
M ^-Q 

(SIN -?■ B) 




B ^K 
M 3Q 

2 -*Nt 
X ->A 



SHU) 



1904A MKH 
1904S1903T 







COMMENTS 



Relevant signals active in previous beat: 
EVI, EVR. EESIN-B, 1043. 



VR. VI: The character to be converted (nj) is read to B from 
store location N. The character is located in a specific 
character position of B. The current instruction addresB 
is incremented, and strobed to roister C. 



VIO: The character nj (in B) is gated onto bfts 0-5 of K, 
where it is strobed into register A and N, Operand x* \b 
read to B. Carry is cleared (CCY) or forced set (FCY) 
dependent upon the value of nj, i.e. the 1. s. six bjls of K. 



If K >10, the character nj ie non-numeric, and exit from the 
sequence is made via EOi. A numeric character (K < 10) 
results in entry to VI 1. 



V13: The content of B (2x) is gated to the mill and shifted left 
onto Q, The content of P (2x*) is shifted left to give; 4x*, and 
Q (4x*) is strobed to B. 



Vil: Operand x is read to A, and x* (B) strobed to P. Nl 
(NIC- 11) is forced to 2, thus any subsequent shifting operations 
will be of the arithmetic type. 



Vi2; Gate X (in A) to the mil], and shift left onto Q. Shiit } 
ono place left in P. Strobe Q (2x) to B and read x* to A. 



043 INSTRUCTION (cOOP-Via) 



FC15 

SHEET 1 OF 2 



VR.VI 



^QHMI 



(EN-SAD) 

(ESIN-B) 

(READ) 

(ECAX-K) 

(PLUSl) 

ELS3— >XJ 

EQAX-C 

EHX-B 

HESFL 



EVIO 
EEBJ-K 



M.P. 



(PCHECK) 

(EBJ-K) 

EHX~X.F 

EHX*-B 

EM-Q 

PFAll. 

DIK 

EQAZ-A 
EQ-N 



EQAQ-N 

EQRX-N 

KQYZ-N 

CCY 

FCY 

1:01 

EVI 1 

GBKALL 



(EBAJ K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBilX-K) 

(EBYZ- K) 

EHX X,f 

EM-Q 

EQAZ-P 

EHX~A 

FN 1-2 

EVI 2 
GALA LI. 



(LAAQ- L) 

(F.'^R-L) 

(LA.SX-T,) 

(i-;Ay L) 

(KAZ I.) 

!-:itx-\J 

DSHf. 

FfQKM-B 

EQlfZ 'U 
EiiX* A 

KVVA 
GBKAi-L 



2EU:.S/93 
6D4:2)/24B 
2E4;1 2/162 
3EI 0:10/67 
3D24 :S/1 09 
3F19; 6/91 
3E!7:l2.ti5 
3F14:l8/87 
2D7:6/32 



2A5:9/13 
3D7;17/7i 



3D15:I7/112 
3E2) ;17/75 
3F20: 4/89 
3 Fl 8:1 8/80 
3C14:2;!/167 
6A6:21/214 
3B33:25/44 

3F29;23/81 
3 El: 8/8;j 
3E1: 2/b3 
3 El: 7/83 
3E1- 16/83 
3F1 2:1 8/99 
3F15 17/10I 
2Alf>;lii 41 

2Ati:J6/M 
3Ft3:21/6l 



3F7:2t)/G2 
3F7;24/62 
3E7:2/62 

31'7:23/62 

3F?:4/62 
;}F7;2rj/G2 
3 F2 0-1/89 
3C J 4:23/167 
3F3:18/84 
302(5: 18/88 



3BHtO/l5 
.3D30;3/7a 



(EBAJ-K) 

(EBKM-K) 

(EhNP-K) 

(EBQ-K) 

(EBBX-K) 

(EBYZ-K) 

DSHL 

EQ- B 

EQAJjB 
EQKM-JB 
EQNQ B 
E(^RZ-B 

EVi4 

G\LALL 

FPKALL 



;sF3;^2r,/72 

3F33,2! /72 

:iF3;i:7/7 2 
3F3:Lr,/72 
;H';i;i;:i/7 2 

.1F20 ■! '8r» 
;» 1-27:2 0/105 

;ini 3:22/7!) 
31)1324 
.301 3:23/70 

3D28:8/10S 

2AIB:r>/l6 
3F6:21/61 



CONDITIONS 



HXOP 



RESFt 

lixop 

DOHLF.CPR. 
EXEC 



RESFL 
EVIO 



PGEN - RB24 
P FAIL. PCHECK, 



K <10 
K <10 
FCY 

K <10 
EVI 1 



3F7:26/62 
3 F7: 24/62 
3E7:2/62 
3F7'23/G2 
3F7:4/62 
3F7:2r)/02 
3F27 :2(l1 0.--, 
3D13 L'i/7y 
.3013:21/79 
:iDV'..22/7if 
3D1 3:24/79 
3013,23/79 

2A7: 9/18 

3D30;3/70 

/6G 



strobe 5x* to P, read x to A. 



Strobe lOx to B and lOx* to P 



atrolu; nj to A. 



Strobe lOx" plus nj to P. 



Strobe ^0^ ( i o\ oiflow) to li. 



Strobt' 10* ]>his nj to B, write lOx to X, 



Exit from iii>iructjoji 



ISSUE 



ICL 



1904AMKn 
1904S»1903T 



V14 LI 



X^XAD 
A -^ L 
P -*K 
M -*Q 



Q -> P 

X -^ A 

FQ23Z 

GM23CY 



V15 LI 



A ^ L 
B ^K 

C2';;-i'CYiio 

SlILD 
Q -^ P, 

sov 



Q ^ 1^ 
VQ2:iZ 




COMMENTS 



V14: A (X*) and P (4x*) are added in the mill and the result (5x*) 
strobed to P. Any overflow from the mill operation (M23 - 1) is 
recorder' in the carry b' stable (GM23CY), The redundant sign bit 
(P23) is cleared by FQ23Z, Operand x is read to A. 



V15: 5x l8 formed in the null by addition of A (x) «nd B (4x). 
Any overflow from the previous operation (in C22) is added in. 
The mill output and P are shifted one place to the left gi^ ing lOx 
on Q and lOx* in P. lOx is strobed to D, and overflow is set if 
M23 ^ M24 (SOV). 



VI G: The charaeter 



V17: lOx* (P) and (nj) are added in the mill, and the result 
strobed to P. FQ23/, clears P23 and any overflow (M23 1) i 
recorded in C22 (ni\123Cy), 



V!»; Any over! low (C22) f i oni the previoue beat is added to lOx 
in the mill, and the rejuilt strobed to U, Carry is cleared (CCY) 
and overflow is set if M^3 / M24 (SOV). 



V19: lOx (in B) is written to accumulate 
is transferred to Register B. 



i nj (in P) 



i;01; lOx* ' nj ih Wi 
foUowing Infitrtjctlor 



) to accumuJat'* X 



043 INSTRUCTION (V14-EOI) 



FC15 

SHaT2 OF 2 



(EAAQ L) 

(EAR L) 

(EASX'L) 

(EAY-I.) 

(EA7-L) 

(FPAJ-K) 

(KPKQ-K) 

(KPKX-K) 

(EPYZ-K) 

KUX-XJ 

EM-Q 

p:;qaz-p 

EHX-A 
FQ23Z 
GM23CY 

EV15 
GAT^LL 
GBKALL 
KCYHO 



V15 



(KAAQ-I.) 

(EARL) 

(EASX-L) 

(FAY L) 

(EAZ-L) 

(ERAJ-K) 

(KBKM-K) 

(ERNP-K) 

(EHQ-K) 

(EBRX K) 

(l.tn / K) 

(G(;'2) 

DSHL 

EQ-B 

EQ.\j"^B 

EQk.M-B 

KQNQ "b 

EQiV/- B 

SO\' 



VKi 

(KNAJ K) 
EM CJ 
KCM / ^ A 

EVIV 

GALALL 

EPKALL 

Vi7 

(EAACM.) 
(KAli L) 
(EA.S,\-L) 
(EAY 1,) 
(EAZ-L) 

(r:rA,i-K) 

(Kf'KQ K) 
(EPIiX K) 
(EPV/-K) 
EM Q 
EQAZ- I' 
FQ23/ 
Gi\i;;';if'V 



OiL.Al, 
IICYlin 



MP 



3F33:25/72 
3F33:2l/72 

3F 33 7/72 
3F33:.'i/7L' 
3F33 .V7 2 
3Ef»:3/fi6 
3E»:r./ilt> 
3 F9: 25/61} 
3F9:23/(;U 
3 F 20: 4/ 89 
3CJ4:23/1()7 
3F3: 18/84 
3D2t>: 16/88 
3F22: 15/101 
3F1 1: 10/101 

2A8:'J/19 
31)30:3/70 
3Fti;2j/G] 

3E2: 25/90 



CONDITIONS 



3F33:2r>/72 
3F33:2l/72 
3F33:7/72 

3 F 3 3: 5/ 7 2 
3F33:3/?2 

3EV:2tJ/ii2 
3F7: 24/02 
3E7:2/(i2 
3F7:2a/«2 
3F7;4/{i2 



IF 10 



3F27'20.'10:. 

31)13; i:./;;« 

31)13:21;':;) 

3ni 3:22/79 
3l>i3;24/7;> 
3i 11 3; 23/7;) 
21)7:18/32 

2Ay:9/2<! 



3D8:2; 
3CM:. 



2Aiu:i/v 
3i);<ij.3/j 



3!-:j;i :!;,/V2 

3 F 33; 2 1/7 2 

3F33:7/7;> 

31'3:!:;^/-;2 

3F3;J:3//:J 

;iE0:3/u<i 

3L<l::j/Gi; 

3F;):23/(.(i 
3rM:23/iM; 
31-3: 18/84 
3i2-''.2;;/i:il 
MKI I: lfi/](ii 



VI 8 

(EBAJ-K) 
(KBKM-K) 
(EBNl' K) 
(EBQ-K) 
(EBRX K) 
(EBV/ K) 
(GC^2) 

1';m-q 

EQ B 

EQAJ ■ H 

EQKM-B 

EQN<.)-B 

EQfi/B 

CGV 

SC)V 

Fg23/ 

EVltJ 
EBKAM. 

\' 1 :j 

(EPA.J K) 

{EPK*.^ K) 
(El f!X K) 
(E- 7/ K) 
l..'/. /..! 

i::- U 

El, A/. X 



: 20/62 
:2-l/li;^ 
:-Vfi2 
:23/0-; 
,4/(^2 
:2V02 
:jVi12 
2;(/l(i7 

i;)/7f> 

2J/7iJ 

22/79 

3:i-:4/79 

3:23/79 

1 8/93 

7:18/32 

11:10/3 on 

n:9/24 

/m 



3j::* :i/i,h 

31 u ;<f,/*,.. 
31 '.i.'/.'.i/'ii. 
3i ■/<! i/8;t 
3( 14 y.:i/n/i 
ny/j. n/<,ti) 
2Ah; ir,/ii 



Read 4iviBor (n) 
from store to B 
•nd transfer 1.8. 
dividend (s*) to P. 







Transfer divisor 
to A. Set logical 
shift and count. 
Read m. s. dividend 
(x) to B from X. 




C 




Increment 

in Bt ruction address 

and exit. 



VI L2 



C -J. K 
PLUS 1 
CCY 
FOV 
0-> FUjI 




1) Form pseudo 
m. B. dividend. 



2) Clear ni.a. dividend 
sign bit 



3) Sliift dividetKl left and 
clear PO. 



Decrement count and clear 
carry in all. 



(1) 



Vll L2 



FLALL 
CCY 
DSHL 
NSUB 

Q -J- B 



{2) 



VII L2 



DSHL 
CCY 
NSUB 



(3) 



Vll L2 



B -»K 

CCY 
DSHL 
NSUB 




Form first pHrlinl remainder 



V12 L2 




V12 L2 


B ->K 


B ->K 


A ^ L 




A -» L 


PLUS 1 




DSHL 


DSHL 




NSUB 


NSUB. If 




rO FOV 


A23EM23 




FCY 
Q -^ B 


PO & 


FOV 






r 





y 





ISSUE 



1 
Nov. 72 



ICL 



1904AMKn 
1904S1903T 



COMMENTS 



Also active at entry will be EVR, GALALL, and 1044-6. 
1044 1045 I04(" and 1044:6 may be active as appropriate. 



VR: X* le in A from the Instruction Phase and n is read from 
location N in store. Carry is set if the sign bit of the 1. s. 
dividend (i. e. M23) is a 1. The FLGl bistable is set. 



VlO: The divisor is transferred to A and Nt set to 1 to specify 
a logical shift. The count (Ns in Nq.q) is set to 24 and the m. s. 
dividend (x) read to B from accumulator X when it was stored 
in the Instruction Phase. 



VI:; Will be entered if the divisor is zero and overflow set. 
Where the divisor is non-zero, a teat is performed to detect 
an 046 order (1040) with negative divisor. 



Vll: 1) If carry was set in Vlt (i.e. the dividend is uey;a(ive) 
a pseudo m, s. dividend of all I's must be set up; 
this puts -1 into B. A l«ft nhift then pufy P23 (Is. 
dividend sign bit) into BO and sets PO to zero. Carry 
is cleared. 

2) If cari-y was not set (i. e, positive dividoiul) tlic m. s. 
dividend sign bit muat t>»; made zero (tn equal that 

of the 1. s. dividend). A double left yhill puts the 
m, s. dividend B (wi)h PZ.'l in bit 0) and Ihe 1. s. 
dividend in P (with ttil zero). 
Carry is cleared. 

3) Because of the double-length shift, bit 23 of the 1. s. 
dividend appears in bit of B (i. e, bit of the ni. s. 
dividend) and bit of P is cleared, 'i'he m. s, bit 

of the dividend which was in B23 is last. 
Carry is cleared. 

V12: The first partial remainder (PR) is formed either by 
addition or subtraction. The ai ithnietic operation to be 
performed is determined by comp^^ribon of the si[in bits of 
the divisor {A?'^) and the dividend (M23). When these are 
equal M23FM2;< is generated. The PH is shifted left and 
strobed to B. 



1) 



The quotient bit (PO) is set if A23 iM23 and overflow 
is forced. 
(0 & 044/6) . 

FCY is forced if A23 / M23 & [(045 & C23 
M-0&P-0& 044/G)] . ZRODVD is ^ 

active if (P23 & M002] 7U & M22EM21), this will 
set carry if active or overflow if inactive. FOV 
is forced if A23 / M23 & ^M / P / 045] . 



EV13 



GBKALL 
GAIJ^LL 

ENALALL 
EENARX-L 



2A1 8:5/16 
3F6;21/61 
3D30:3/70 
31)31:7/72 
3E33:20/102 



044,045 & 046 (DIVIDE) INSTRUCTIONS 
(GOOP-'V12) 



PO&ENDHI-S 



FC16 

SHEET 1 OF 4 



(EN-SAD) 

(ESIN-B) 

(READ) 

ELS3-XJ 

EHX-B 

RESFL 

(EAAQ-L) 

(EAAQ-L*) 

(EAR-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

(EQAZ-P) 

GM23CY 

SETFIjGJ 

EV33 
EVIO 



VlO 



(PCHECK) 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBUX-K) 

(EBYZ-K) 

EQAZ-A 

FN24 

FNTl 

ERX-XJ 

EIDC-B 

EVl 

EVll 

FLALL 

EENARX-L 

ENALALL 



vn 



(EAAQ-L) 

(EAAQ-L*) 

(EAR L) 

(EASX-L) 

(EAY-L) 

(EAZ L) 

(ENAAQ-L) 

(ENARX-L) 

(ENAYZ-L) 

CCY 

DSHL 

NSUB 

KQAJ^B 

Et^KM^B 

KWJ-B 

Egu'/'ii 

K'Q-ll 

EVl 2 

GlikALL 

GALAl.f, 

V12AEM 

ENALALL 

El;NAHX-L 



VI 

(i-;CAXK) 
(I'LUS ]) 
LQAX-C 
CCY 
FOV 

i;rxx-) 

KH.\ B 

HSTl-'Un 

KOI 



Via 



(KHAJ-K) 
(KliKM-K) 
(i:iVNi» K) 
(EHQ-K) 
(EitlLX-K) 
(EBYZ K) 
(EAAQ L) 
(KAAQ 1/) 
(EAR L) 
(EASX L) 
(KAY I,) 
(I:A> L) 
(<-ALD) 
(t;NAAQ L) 
(KNAKX L) 
(KNAY7 K) 
DSHL 
(PLUS 1) 



EQAJ-B 
EQKMB 

EQNQ-H 
KQir/ H 
IKi li 

NM i) 



EEQ-PO 



M.P. 



2E1 1:3/93 
6IM;2l/248 
2E4: 12/162 
3F19:6/91 
3F14: 18/87 
2D7:6/32 

3F33:25/72 

3F33:23/72 

3F33:2l/72 

3F33;7/72 

3F33:5/72 

3F33:3/72 

3F3: 18/84 

3Fn:ia/l05 

3C30: 10/152 

3B20:20/33 

2A5:9/13 

3F6:21/61 



3D15:17A12 

3F7:26/G2 

3F7: 24/62 

3E7:2/G2 

3F7:23/62 

3F7:4/G2 

3F7:25/(>2 

3F29:23/81 

3D29:13A13 

2D18:8/95 

3F20:4/89 

3F14:l8/87 

3Al6:12/8 
2A6;i6/l4 
3F32; 18/76 
3K33: 20/102 
3031:7/72 



3F33 
3F33 
3F33 
3F33 
3F33: 
3F33: 
3C14: 
3D31: 
3D31; 
3F12: 
3F27: 
3F18; 
3D13: 
3U13: 
3Di3 
3D] 3; 
31)13: 



25/72 

23/72 

21/72 

7/72 

5/72 

3/72 

7/167 

5/73 

25/7 3 

18/99 

20/105 

21/80 

21/79 

22/79 

24/79 

23/79 

15/79 



3Bll:lO/i;, 

3FG:2l/6l 

31)3*1:3/70 

3A6:7/I7 

3D31:7/72 

3E33::^0/102 



3 1; 10: 10/07 

3i);^4:b/ioy 

3I-]7:12/65 
31- 12:18/99 
31'.; 1:9/ 100 
3I';^n:4/89 
31' 14: 18/87 
3C3 1:10/150 
2A 16: 15/41 



3F7:26/62 

3K7: 24/62 

3E7:2/62 

3J '7: 23/62 

3F i :4/62 

3F7;25/62 

3F33: 25/72 

3F33:23/72 

3F33;2l/72 

3F33;7/72 

3F33:5/72 

3F33:3/72 

3F33:24/72 

3CH;7/1C7 

31)31:5/73 

31)31:25/73 

3F27:20A05 

31)24:8/109 

3D13:2l/79 
3013:22/79 
3D13:24/79 
3013:23/79 
3D13: 15/79 
3Fl8:2j/80 
3F21:9/100 



3F1&: 17/100 
3F2:6/96 



CONCHTfONS 



DORL F &_ 
EXEC&CPn 



RESFL 

RESFL 
RESFL 
EVIO 



HM - 
HM = 

> IQ 46&RC 22 
J & HM = 



1046 & RC22 



A23EM23 
A23EM23 



FLGl 

flgI 



> A23EM23 



A23EJW23 & 
ENDHES 



A23EM23lt 
GALD«^ 
ZRODVD 
A23EM23 It 
GALD L 
ZRODVD 



Form new (1) 

partial 

remainder 

1) by Bubtraction 

2) by addition 
and strobe to B. 



A23EM23 


> 






V13 L2 


(2) 


V13 L2 


B -^K 

A-s-L 
PLUS 1 
DSHL 
NSUB 
PO ^ PC 

'qVb " 


b-^k 

A ^L 
DSHL 

PO yPO 

NSUB 


Q -*B 










J 













Form final (1) 

quotient bit 

1) by subtraction 

2) by addition 

and set PO 
accordingly. 



Form final 
remainder (by 
addition or 
subtraction) and 
strobe to B. 





V]5 L2 



B -^K 

A A -» L 

Reset 

FLGl 



Q-^B 




End correction. 



B -^ K 
A -"> L 




ISSUE 



ICL 



1904AMK1I 
t904S,1903T 



COMMENTS 



VI 3: The now partial remainder (PK) is formed by addUion 
(or subtraction) and a left shift, and is strobed to B. A test 
is made on the count (prior to exit from the beat) and VI 3 is 
re-entered until such time as Ng = 1, In each 'loop back', a 
hesitation break-point and a real-time interrupt break-point 
are provided. If either of these are utilised, the sequence is 
re-entered as shown once the hesitation has been dealt with. 
When the coimt has been reduced to 1, the signs of the previous 
PR and divisor are tested and V14 is entered. 



I) PR sign s divisor sign (A23EM23): the final 
quotient bit is formed by subtracting the divisor 
from the previous PR. PO is set. 



2) Pit sign 4 divisor sign (A23EM23): the final 
quotient bit is formed by addition. The final bit 
of the 1. B. dividend is shifted out of P setting the 
quotient bit PO. 



V15: The final remainder is formed (by addition if PO ^- or 
by 8ub1 Taction if PO =^ 1) and the FLGl bistable is rebel. 



V16: 
quotii 
of the 
(in A) 

th. 

is -A 1 



Caters for end correction in the case where the final 
nt bit is 0, A remainder is formed in B by the addition 
final partial remainder (in B from V15) and the divisor 
A hesitation break-point is provided prior to entry to 
!xt beat. VIG wiil be bypassed if the quotient bit (RA23) 



044. 045 & 046 (DIVIDE) 
(Vt3-V16) 



INSTRUCTIONS 



FC16 

SHEET20F4 



(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EBVZ-K) 

(EAAQ-L) 

(EAAQ-L*) 

(EAR-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

(ENAAQ-L) 

(ENAJIX-I,) 

(ENAYZ-L) 

DSHL 

PLUS 1 

NSUB 

EQAJ-B 



EQKM -B 



EQNQ-B 



EQRZ-B 

EQ-B 

EEQ-PO 



EV14 
EV13 



GBKALL 
GALALL 
ENALALL 



V14 



(EBAJ-K) 

(EBKM K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EBYZ-K) 

(EAAQ-L) 

(EAAQ- L+) 

(EAIi-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

(ENAAQ L) 

(ENARXL) 

(ENAYZ-L) 

(PLUS 1) 

]:>SIIl. 
EEQ-PO 

E_V15 

GliKALL 

ENAl^LL 

EJiiNARXL 

GAT,ALL 



V15 

(EBAJ K) 

(EBKMK) 

(EBNP-K) 

(EliQ-K) 

(EBUX-K) 

(EBY/K) 

(EAAQ- L) 

(EAAQ L*) 

(EvVH-L) 

(EASX'T-) 

(liAY-L) 

(i'::A/,-L) 

(ENAAQ 1.) 

(ENAHX-L) 

(ENAYZ-L) 

EQAc^B 

EQKM-B 

EQNQ-B 



EQRZ-B 

EQ-B 

RSTFLGl 



EV16 
EV17 



EV18 
EV24 



GBKALL 
GAIJ^LL 



V16 



(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EB(i-K) 

(EBRX-K) 

(EBYZ-K) 

(EAAQ-L) 

(EAA^-L*) 

(EA'1-L 

(EA X-L) 

(EA^ -L) 

(EAZ-L) 

(PLUS 1) 

EV17 



3BKALL 
EENARX~L 



M.P 



3F7: 26/62 

3F7: 24/62 

3E7:2/62 

3F7; 23/62 

3E7:4/62 

3F7;25/62 

3F33:25/72 

3F33;23/72 

3F33;2l/72 

3F33;7/72 

3F33:5/72 

3F33:3/72 

3C14:7/167 

3D31:5/73 

3031:25/73 

3F27:20/]05 

3D24:8/109 

3F18;2l/80 

3013:21/79 

3013:22/79 

3013:24/79 

3013:23/79 

3013:15/79 

3F2:6/96 



2A7:9/18 
2Aia;5/l6 

3F6:2l/fil 
3030:3/70 
3031:7/73 



31-^7:26/62 

3F7: 24/62 

3E7:2/62 

3F7: 23/62 

3F7:4/62 

3F7: 25/62 

3F33:25/72 

3P33i23/?2 

3F33:2l/72 

3F33:7/72 

3F33:5/72 

3F33:3/72 

3C14:7/167 

3031:5/73 

3031:25/73 

3 024: a/ 109 

3F27:20/10;- 
3F2:6/96 

2A8:9/19 

3F6:2l/Gl 

31)31:7/72 

3E3a:20/l0! 

3O30;3/70 



Vl-i 



3013:21/79 
3013:22/79 
3013:24/79 
3013:23/79 
3013:15/79 
3027:7/140 



2A9;e/20 
2A10:3/2i 



3Bl2:22/23 
3B10.10/23 



3K6:21/C1 
3030:3/70 



CONDITIONS 



• POftENDHES 



0-5 
& RTI 



1 _ 
1 ii HR 



A23EM23 
A23EM23 



A23EM23 

A23EM23 

A 23EM2 3 & 
ENDHES 



J ^^ 



PO 



PO _ 

P0 6 im & 

RA23__ 
POf HR & 
RA23 & I04S 
PO«t RA23& 
HR & 1044:6 



Sec 
VJ4 



3024:8/109 
2A10:3/21 
3F6:2l/6] 
3E33:20/102 



Form final partial 
remainder in mill. 




Clear B register. 



Transfer final partial 
remainder to mill. 



Subtract divisor from 
remainder and strobe 

to N. 



Transfer remainder lo A. 



Form twice remalndci 
minus divisor. 



TrHURfer remainder 
minus divisor to li. 






ISSUE 



ICL 



1904AMK1I 
1904S,1903T 



± 



COMMENTS 



V17: The final partial remainder is formed by subtracting 
the divisor from the remainder. B still holds the 
remainder (from V16). A test ts made on the FPK for 
zero (in the mill) to determine the next beat. 



V25: The D register is cleared to give zero remainder. 



V18: The FPR is fed to the mill and tested for zero. 



V19; Thejiuantity 'remainder minus divisor' is formed 
from B -t A and strobed to N. 



ViiO: Tbu remainder (in l\ from VKi) is transferred lo A. 



V2l: Thi' quantity 'twice remainder plub divisor' is 
formed in tiie mill from N and A and mill bit 23 ia 
compared wilh (lie sign l)it of the remainder to 
deterniitu' l!io next bent. 



V22: Tlie quantity formed in V21 is transferred to B, 



044,045 & 046 (DIVIDE) INSTRUCTIONS 
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(EBAJ-K) 

(KBKM-K) 

(KBNl'-K) 

(Eljg-K) 

(KBRX-K) 

{KBY/,-K) 

(KNAAQ-L) 

(ENAHX'l>) 

(KNAY/-L) 

(I'lAIS I) 



EV2r. 
KV18 
KV24 



VXiiW 1' 
KtjA.l-B 

IX^NQ-B 

Kgn/-B 



EVZ-.i 

f:pkai,i. 



V18 



(1:BA.I-K) 

(p:itKM-K) 

(KliNM'-K) 

(KBCi-K) 

(KBHX-K) 

(EBYZ-K) 

EV19 _ 

GBKALl- 

KNAl.Al.I, 

KllNAHX-L 

l:V2'l 



(KHAJ-K) 
(lHi\M-K) 
(KiSNP-K) 

(^;lu^K) 
(i;b({x-k) 
(i-:iiY/.-K) 
(i-;NAAg I.) 
(i:n.-\|{X- L) 

KNAY/- I,) 
(PI.IJS I) 

l-XiHX N 
fXjY/ N 

l:t^ N 
GBKAJ.r, 



V2() 

(i:hA,) K) 

(KilKM- K) 

(i;iiNi'-i.) 

(KHUX-K) 
(i;HY'/. K) 

i:g.\z A 

KV2) 
KNKAir, 

llAI.Al.l. 



_V2J 

(I^NAJ K) 
(ilNKtfK) 
(KNMX K) 
(i:nv/ K) 
(J^AAt^ I-) 

(f:AAg I,*) 

<KAI{-1.) 

(i;as\ i^ 

(KAY- J,) 

(i:a/-u ^ 

t;V22 
Ey24_ 

enkai7l 

V22 



{KNAJ K) 
(KNlvg K) 
(KNItX K) 
(I::NV/, .<) 
l-X^BIl' 

EQKM-B 
EQNQ-B 
EQR?,-B 
I-:Q B 



EV23 
EBKALL 



MP 



ME7:26/(i2 

MK7:24/e2 

:tF7:2/2G 

;»l-7,2a/«2 

:Jl'^7:'l/ti2 

a l'7. 25/(12 

;K:i'):7/l<i7 

auai 5./7;i 
.'iDai :2r>/7:t 
aO'M; /t(»;j 



aBI7:2l/2y 
aBI2:22/2a 
aB!();IO/2ti 

aFtiJt Gi 



2ni7:7/7« 

ai)ia;2i 7*t 

ar>i a 22 '7!> 

ar)l;t;24 711 
ai)l.!:2a/7!) 

ai)ia;ir../7ti 



^Aia:H/!» 



ai-7:2<;/ii:i 

ar:24/r>2 
ai-;7:2/(;2 

ai-^7:2a/«2 
aF7;4/62 

ai-'7:2rj/G2 

2A! 1:9/24 . 
ai-^G:21/()l 
aU.i 1:7/7 

aEaa:20,l02 

aBIG I0/2M 



ai'7:2(j/<;2 
ai". :24 (i? 

aK7:2/(;2 

.aK7:2a 6-! 
a[-'7:4/G-* 
ai'7:2f>''G2 
aci4:7 'KiT 

a!>ai :r> 7 a 
ana 1 :2a 7a 
aD.M:a/i()i) 
■ai-a :2/rta 



ai)s 



m 



ai>H:2a/Ga 

allH:l7/(i4 

ara;i:2a/7:.> 

ai-^aa:2a/7 2 

aKaa:2i/72 

aKa.i;7/72 

ai'aa.a/vi' 

3Faa:a/72 

3Bir>; 18/27 
3BH;. 10/28 
3 EH 7/64 



SDH: 25/64 

;m8:23/G4 

31)8:17/01 

3n8:10/G4 

2D17:7/78 

31)13:21/79 

3013:22/79 

3013:24/79 

3013:23/79 

3013:15/79 



2Al3:8/9 
/66 



CONDITIONS 



IIM J)^_ 
K>45& FIM" U 
IIM OfclltVHG 
EVI8 



BM 
f:viy 

HM 



A 2a KM 23 
A2ai;M23 
EV22 





1) Write zero remainder (1) 
to X and round quotient. 

2) Write true remainder to 
X and transfer quotient 
toB. 



V23 L2 



P->K 

SOV (C22) 
B — i>X 

GOV if 

M23;^ 

M24 & C22 



Increment instruction address 
and transfer B to accumulator. 



(2) 



COMMENTS 



C -*-K 

PLUS 1 

Q ->C 

CCY 
B ^X+1 



ISSUE 



ICL 



1V04AMKII 
1904S,1903T 



V23: The quotient in P is Incremented by 1 and transferred 
to B. The remainder (in B) is transfer red t o accumulator X. 
Overflow is set if carry is clear (1. e. RC22). 

V24: The tru3 remainder (FPR + divisor) held in B is written 
to accumulator X and the quotient held in P is transferred to 
register B. 



VI: The instruction address is read from C , incremented and 
returned to C to give the address of the next instruction. Carry 
is cleared unconditionally. 



Exit occurs at EOI, a break point being provided prior to entry 
to the Instruction Phase. 



044, 045 & 046 (DIVIDE) INSTRUCTIONS 
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mr 



JCNAL^JIL 



(PLUS 1 ) 
EQAJ-B 
EQKM- B 



EQNQ-B 
LX}RZ-« 

SOV 

EBAZ-X 

ERX-XJ 



EVI 



(EPAJ-K) 
(EPKQ-K) 
(EPIOC-K) 
(EPYZ-K) 
EQBIP 



EQAJ-B 



EQKM-B 



EQNQ-B 



EQRZ-B 

EQ-B 

EBAZ-X 

ERX-XJ 



EVI 



(ECAX-K) 

(PLUS 1) 

EQAX-C 

CCY 

EBAZ-X* 

EllX-XJ 

FOV 

RSTFI^jI* 

EOI 



3E1 0:10/67 

31)24:8/109 

3^17:12/83 

3F12;18/99 

3 F 25:6/90 

3F20:4/89 

3F21:9/100 

31)27:7/140 

2AHi:l[3/41 



3D24: 8/109 
3013:21/79 
3013:22/79 
3013:24/79 
31)13:23/74 

2^:18/32 
3F25:8/90 
3F 20: 4/89 



2B2:18/4 



3E9:3/ti6 

3E9:5/66 

3F9:25/6(i 

3F9:23/ttU 

2D17:7/78 

3013:21/79 

3013:22/79 

3013:24/79 

3013:23/79 

3013:15/79 

3F25:8/90 

3F20:4/89 



2B2:18/4 



CONDITIONS 























COMMENTS 




MP 


CONDITIONS 


/goop\ 

\1047/ 


Relevant signals active in previous beat: ESC22, EVl 
















VI: 

The address Into which the B. CD. is to be written (N) 
Is tested for reservation violation. The current 
instruction address (in C) is incremented l^ 1, and 
restored to C and B. The FLGl bistable is set. 


(EN-S.U)) 

(ECAX-K) 

(PLUSl) 

(SC22) 

EM-Q 

EQBIP 

EQ-B 

EQAJ~B 

EQKM-B 

EQNQ~B 

EQUZ-B 

EQAX-C 


2Ell:3/93 
3 El 0:1 0/67 
31)24:8/109 
3D3:22/U 
3C14:23/]67 
2017:7/78 
3D13:15/79 
3D1 3:21/79 
3D1 3:22/79 
31)13:24/79 
:JD1 3:23/79 
3E1 7:4/85 


RESFL 


Test B. CD. character's destination 
address for reservation violation. 
Increment instruction address, and 
set FLGl. 


VI L2 




N-H^SAD 
C0-21-s>K 
PLUSl 

SC22 


Q-*>B, C 
SET FLGl 








/ TNT \ . 


y^ Sg^o .St ^s. 


VWIO: 

The next instruction address is written to absolute 
location 10. The B, CD. characters destination address 
is transferred to r^is*^er C Operand x*, the l,s. part 
of the binary fraction, is read to A, Nt (NlO-ll) is 
forced to 2 {FNT2) indicating that any subsequent shifting 
operation will be of the arithmetic type. The RPT (repeat 
bistable is set to control the re-cycling of the conversion 
loop. 

Vll: 

I'his beat jh the first of the conversion loop, which 
comprise^ beatK Vll to V16. At the end of the 1st cycle 
the RPT bistable is reset, thus RPT refers to the first 
and HPT to the second. 

RPT: operand x* is transferred to register P 

RPT: operand x is ti-ansferrcd to register ^\ and lOx* 

(l.s. fraction is wi-itten to accumulator X + 1. 


EVU'lO 
SETFLGl 
EEB-SO 
ENKALl. 


3A1H:10/3H 
3C30:1 0/150 

2F7:] 7/100 
3Fb:7/G4 


RESFL 


FC52 


\ 


\ ^^ 


^ 


Write Instruction address to 
location 10, and transfer 
destination address to C. Read 
X* to A, and set RPT. 


VWIO u 




VWIO 






10 -^^AD 

EB-«>SO 

WRITE 

X-^XAD 

N-^K 


(FLGl) 
(EB-SO) 
(WmiE) 
(FSADIO) 
) (ENAJ-K) 
(ENKQ-K) 
(ENRX-K) 
(ENYZ-K) 
FRCFi 
FHC" I-; 3 
FHX-XJ 
KM-Q 
147Nii 
EQCALL 
EQA X-C 
EQY-C 
EQZ-C 
FNT^ 
EI!X*-A 

EVl I 
GALALL 

VII 


3C32:24/152 

3E21-9/75 
2VA :G/IG2 
3F1 0:9/1 12 

3DB:25/64 
3D8:2H/64 
308:17/(54 
31)8:10/64 
2F3:3/115 
2F3:6/n5 
3 F2 0:4/89 
3014:23 '16? 

3Fi7:2/8n 
3E17:I2/a:. 

3E17:1G/H5 

3D2S:8/10 

2A6:C/]4 
3D30:3/7 


1047. HES 
147 NM, VWIO 


Q-s> C 
2— *.Nt 
SET HPT 
X* -►A 














r 






(a) RPT: Strobe x* to P 

(b) RPT: Strobe x to P, write 

lOx* to X + 1 


VI 1 LI 




X-J>XJ 
A -^L 
M~> Q 


Q-»P 

B->X*if 

{RPT) 










/—x 


X 


■7, ^S^ 




V12: 

RPl: As a reriult of the aritliuu'l ic double left shift 2>.* 
is forniec! in P, ano x*22 (P2;^) jtj strobed to BO. 


(EAAQ-L) 
(KAK~L) 
(EASX-L) 
(EAY-L) 
(KA/-L) 
(Ul'T) 
KliX K,l 
El\1 Q 

l■:c^\■/-p 

FliA/-X* 


3K33:2r>/72 
3I-'33:21 /72 
3F33:7/72 

3 F3 3: 5/7 2 

3F33:3/72 

3C2h:23/14 

3F2<1-J /Hli 

3C J -1:2 3/ 107 

3F;4r!^/H) 

3F21.(w'.M) 


R]=T 


FC 53 


\ 




y 


(a) RPT: Sliift gives 2x* in P 

(b) RPT: Shift gives 2x in P 


VI 2 LI 

SHI J) 
Q~~* B 




(a) Rl'i : Shift givet, 4x* in V 
(ti) RPT: Shift gives 4x in I* 

(a) Ilt'T: Strobe 5x* to P 

(b) Rlvf . strobe 5x to P 


B^ 

SjlL 

vh" 


LI 

) 
^ B 

IJ 


J 




Rpf": The double left shift gives 2x in P aivl x22 in BO. 

VI 3: 

RP1': Bolli B (in UiL- mill) and P arc .ihiflcd bift resulling 

In 4x* in A and x*21-22 in BO 1 . 

RPT: 'ihc double left shift gives 4x in V and x21-22 in B. 

V14: 

RPT: 5x+ is formed in the mill, and KdH.bctl to register P 
RPT: 5x is formed in the mill and sli obod to P. 

In either ciise the redundant sign bit in P2;j is cleared 
(FQ23Z), and any overflow resulting from the mill 
optM'tition (M23 1) is reeoixlett in the carry bist.sbk' 
(GM2;<CY). 


KVl 2 

"v i •> 

Kg B 
EgA,)-B 

EQKM-IJ 

EQNC^- B 
E(iHZ-B 

EVl 3 
GBKAl.l, 

VI 3 

(KBA,1- K) 
(KBKM K) 
(KliNP-K) 
(KBQ K) 
(KBHX-K) 
(KBYZ-Ki 

nsin. 
Eg - 1^ 
EQA.l i; 
EQK'-! J 4 
EQNg- B 
EQUZ. B 


3B1 1 .10/15 

3K27:2(>/10 
31)13:15 79 
31)1 3:2 !/<^l 
31)13:22/79 
31)1 3:24 '79 
31)13:23/79 

2A1 8:5/10 
3FC:21/01 


0C>17. HK/ * 
(lOJV. FLGl. 

ENMNK'Ul; 


P-*K 
A-> L 


Q->P 
fq:33Z 
GM23CY 


3F7 :20/C2 
31-7 :24/G2 
3K7 : 2/G2 
31"7 : 2 3/62 
3i-:7 : 4/G2 
31 -7 :25/C:^ 
3V'27:20/U)r> 
31)1 3:1 5/79 
31)13:21/79 
3Dl3:22/79 
3Dl 3:24/79 
3D]:i:23/7y 












^^eet / 


/4fN, 




(EPRX-K) 
(EPYZ-K) 

EM-Q 
EQAZ-P 

FQ23Z 
GM2:iCY 


3F9:25/6e 
3F9;23/66 

3014:23/167 
3F3:]8/84 

3F11:10/105 

2AS:9/19 
3F6:21/6J 
3F2:25/96 






EVM 
'■ EPKALL 
GAi.AKJ, 


2A7:9/ie 
2A7-9/6e 
31)30:3/7 








EV15 

GBICALL 

ECYBO 




( : AAg-. \ ) 
(1 Ui 1 } 
(EAf.V. J.) 
-(LAY L) 
(L..- 1.) 
(EI'AJ K) 
(KI>Kg-K) 












3F33:25/72 
3F33:2l/72 
3F33:7/72 
3F33:5/72 

3r33:3/72 
3F9:3/CC 
3 KM: 5, ^66 


ISSUE 1 

Nov. 72 












ICL 


1904 
1904 


AMK 
S,190 


H 
3T 


047 INSTRUCTION (GOOP-V14) 


FC17 

SHFET10P3 



a) RPT: Shift gives 
I lOx* In P. 

b) RPT: Shift gives 
lOx In P. 



1) Strobe lOx* to P, (2) 
read x to A. 



2) Strobe x'20-22 
(in N) to A. 



lOx plus overflow bits 
from lOx* strobed to P. 



Transfer B. C. D. characto 
to A. 



Transfer m, s. fraction 
to B. 



Write m. b. fraction lo X, 
strobe destination address 
toN. 



ISSUE 



1 
Nov. 72 



ICL 



V15 LI 



B ->-K 

C22->CYB( 

SHLD 

q"-^b' 

^"V21 

(RPT) 
O -> RPT 




Q -* A 
^FLGl 











V16 LI 


(1) 


X-»XAU 




P-^K 




M-*Q 




Q -s>B 




2 -* Nt 




X -*A 



V18 LI 



P ^K 
A -^ L 
M ->Q 

"q ~^ y ' 

FQ23Z 
GM23CY 



ZE 



V19 LI 


B -i>K 


C22-i-CYIiC 


M -*Q 


_Q_- 


.■a--| 


V20 


ul 


P-^K 


M -*Q 


Q -*IJ 








V21 L 1_ 
X -*XJ 
C -s>K 
M -*Q 

B -»X 



COMMENTS 



V15: RPT: a further double left shift is performed, giving 
x*20-22 in Bq^2 (pl"6 any overflow in C22 from V14), and 
lOx* in P. The N Register is also loaded with x*20-22, but 
the character address In N22-23 *® preserved (i. e. Q ■*"No_2i 
only). At the next clock RPT is cleared. 



V15 



^CNAL 



(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EBYZ-K) 

(GC22) 

DSHL 

EQ-B 

EQAJ-B 

EQKM-B 

EQNQ-B 

EQR'/-B 

EQ-N 

EQAQ-N 

EQRX-N 

EVXO 

EPKALL 

EV17 



MP 



V16 




1904AMKII 
1904S1903T 



RPT: The effect of the double left shift is similar to the above 
except that Bo_2 now held X20-22' ^"^ ^ contains lOx (after 
the shift). 



Vi6: lOx* in P, is transferred to register A, and operand x 
is again road to A. Nt is set to 2 (FNT2) and the conversion 
loop is recycled (from VI 1) for the second and final time. 

V17: The overflow bits resulting from the multiplication 

of X* by 10, in N from V15, are stroljcd to A. FJ/jI is reset 

at the next clock. 



V18: The m. s. part of lOx (x*20-22) in A is added to lOx 
(in P), and the result (m. s. fraction) is gated to I . P23 is 
cleared (PQ23Z) and overflow (M23 1) is loaded into C22 
(GM23CY). 



V19: The B. C. D. character (x20 -22) in Bo_2 is added to any 
overflow from the previous beat, the result being strcAed to 
A, 



V20; The m.s. fraction (10 kx* 20-22) is strobed to 
Register li. 



The m. s. fraction in Ti 
The B.C.D, character'! 



is written to accumulator X. 
destination (in C) is sliobiid to NO-21. 



047 INSTRUCTION (VIS-VSl) 



FC17 

SHEET 20F3 



(EPAJ-K) 

(EPKQ-K) 

(EPRX-K) 

(EPYZ-K) 

EM-Q 

ERX-XJ 

EQ-B 

EQAJ-B 

EQKM-B 

EQNQ-B 

EQRZ-H 

FNT2 

EHX-A 

EVll 
GALAT,L 

V17 



(ENAJ-K) 
EM-Q 
EQAZ-A 
RSTFIXll 



EVlb 

KPKALL 

GALALL 



VI 8 



(EPAJ-K) 

(EPKQ-K) 

(EPRX-K) 

(EPYZ-K) 

(EAAQ-L) 

(EAR-L) 

(EASZ-L) 

(EAY-L) 

(EAZ-T,) 

EM-Q 

PJQAZ J' 

FQ23Z 

G.M2:iCY 

EV19 

CBKAl.r, 

ECYBO 

V19 

(EBAJ K) 

(EBKM-K) 

(EBNI^-K) 

(EBQ K) 

(EBKX-K) 

(EBY/-K) 

(GC2::;) 

EM-Q 

EQA7,-A 



EV20 
EPKALL 



V20 

(EPAJ-K) 

(EPKQ'K) 

(EPKK-K) 

(EI>yZ-K) 

EM-Q 

EQ-ii 

EQAJ-B 

EQKM-B 

EQNlJ-B 

EQHZ-IJ 

EV21 



(ECAX K) 

KIOv-XJ 

EM-Q 

EQ-N 

EQAQ N 

EQRX-N 

EB\Z-X 



E V?. 
EtSIN-B 



3F7:2«/62 

3F7: 24/62 

3E7:2/62 

3F7:23/62 

3E7:4/62 

3F7:25/62 

3FlO:25/62 

3F27:20A0.'J 

3D13; 15/79 

3D13;2l/7y 

3rjJ3;22/79 

31313:24/79 

3D13:23/79 

3El;8/83 

3El:7/83 

2A9:9720 
2A9:9/66 
2AJ0:3/2I 



CONDITIONS 



3E9;;!/GG 

3E9:f)/ti6 

3F9:25/()(i 

3F9;23/G6 

3014:23/16 

3F20;H/89 

31)13:13/79 

3D13:2l/79 

3D13:22/79 

3D13T24/79 

3D13:23/79 

3D2(i: 18/88 

2A6: 1(3/14 
31)30:3/70 



31)8:25/64 
3C14:23/16 
3F29:23/81 
3C31: 10/51 



3612:22/23 
3030:3/70 



3E9:3/tJ0 
3F;9:5/ti6 
3K9:25/G6 
3F9: 23/60 
3F33:25/72 
31 33:21/72 
3F33:7/72 
3F33:5/72 
3F33;3/72 
3C 14:23/107 
3F 3: 1 8/84 
3F22:25/I01 
3F 11: 10/105 

2All;9/24 
3K<>:21/{;1 
3F2:25/9(; 



3 F7: 24/02 

jE7:2/(i2 

3 [-'7:2.3/02 

3E7:4/ti2 

;il"/:2i>/(32 

;*FJ0:25/11 

;JC14;23/1G7 

31^29:23/81 



2B13:18/2& 
3IU3:T8/(iO 



3E9:3/6b 

3E9:5/6C 

3F9;23/GC 

3 K 33: 25/72 

3C 14:23/1 H 

31)13: ir)/79 

3013:21/79 

31)13-22/79 

3013:24/79 

31)13.23/79 

3B 14: 20/26 



RPT 
EVIG 
RPT 



RTl 
EVll 



3E10:10/67 
3F20:4/89 
3014:23/ 16 
3E 1:8/83 
3Fl:2/83 
3El:7/83 
3F 25; 8/90 



2 A 17:5/7 
2E17:2/94 



K<8.(H X0P). 

(SHXOP) 



Read word from destination 
address. 



N->SAD 
READ/P 



(1) 



1) Strobe space character to B. 



2) Strobe B. C. D. character to B, 
clear ZS. 



Write B.CD. to store. 



Read next instruction address 
from location 10. 



Strobe instruction address to C 



Exit from instruction. 



ISSUE 



1 
No\'.72 



ICL 



1 -»K4 
FANQ 



N -*SAn 
EB ->S0 

WHirt'; 



10 wSAl) 
REM) 

(SIN -vM) 




© 



1904AMK1]: 
1904S.1903T 




(2) 



(\^jl ,, J <^PF AI L \> 



A -i'L 
FANQ 



1 



COMMENTS 



VR: The word into which the B. C. D. character is to be 
inserted is read from store to B, on the read part of a Read 
Pause Write cycle. 



1) The ZS bistable has been previously set, and the B. C. D 
character (AO-3) is zero. A space character (010000) 

if formed by forcing K4, and is strobed into a 
particular character position of B, as specified by 
the character address in N22-23. 

2) The B, C. D. character (in the 1. s. bits of A) is fanned 
onto Q to be strobed into a particular character 
position of B. The ZS bistable is cleared. 



VW: The word in B (containing the B.C. D. or space 
character) is written to the destination address N. 



VHIO: The next instruction address (dumped in VWIO) in 
retrieved from store location 10. 



V23: The next instruction address is strobed to C witli 

overflow (also dumped in VWIO and retrieved in 
VRIO) restored to C23. The carry bistable is cleared. 



047 INSTRUCTION (VR-EOI) 



FC17 

SHEET30F3 



(EN-SAD) 

(READ) 

(ESIN-B) 

(PAUSE) 

ELS3-XJ 

EHX-B 



EV22 
GALALL 



(PC HECK) 

(FK4) 

(EAAQ-L) 

(EAR-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

PKAIL 

DIE 

EM KAN 
EQ-BJ 
KQ-B 
GQ222S 



f:VU' 
EKH-SO 



EHX-B 

(EN-SAD) 

(EB-SO) 

(WRITE) 

ELSa-XJ 



EVRIO 
EES)N-B 



(FSADIO) 
(ESIN-B) 
{HKA])) 
FJtCKl 

Fnci-;;} 

GHKAIJ, 



(PCHECK) 

(EliA.T K) 

(EHKM- K) 

(1>11N}'-K) 

(EiUM<) 

(ElUiX-K) 

(E1lY/,-i^) 

1>F/\IL 

DIK 

EM-Q 

EQAX^C 

EQ/-C 

ccy 

EOI 



MP 



2EI 1:3/93 
61)4:21/24 8 



2F19:C/;tl 
3FH 18 '87 



3B15;18 J7 
3D 3 0.3 /TO 



CONDITIONS 



HXOP 
HXOP 



3D15:17/li; 

aD 5:26/6') 

3F33:23/72 

3F3:Jr2L/72 

3F3.'i:7/72 

3F33:5/72 

3F33:;j/72 

6A6:21/21 

3B33:2.'"j/4'l 

3F2«;17/10^ 
;)E18:l!)/80 
3Dl.i:l.'i,'7;i 
3D23;25/103 



2B3:18/3 
2F7:17/10G 



3F14: 18/87 
2 El I: 3/93 
3E21: 9/7.5 
2E 4; GAiiy. 
3Kiy:GAU 



3A14:22/;i<) 
2 El 7:2/94 



2Ai;i:8/'J 
3F(i:21./Gi 



ZS.AO-3 ^ 



RB24 - PCJEN 
RMIE CK. PFAJL 
INMPF'L 



HB24 - PGEN 
PCHECK, PFAir, 
IKHPFL 



Gate X (in A) to mill for teat 
and strobe x to B. 



Vl| Ll 



C -5.K 
M t 1 
M ->Q 



Increment 
instruction 
address and 
retMiii to C 



Add 

premodifier 
(if 1171,) to 
Datum. 
Strobe 
result to A. 



Read branch address 
from store address N. 
Copy X into P. 



Add (Datum + Premodifier) 
to 22-bit branch address. 
Strobe rcBultant absolute 
addrt'bS (o N. 




RELATIVE 



(EVEN FN) 
REPLACED (ODD FN) 



V 5] Ll 

P -*K 
D -> L 



Q -> A 



(2) 




Gate 
instruc- 
tion 

address 
(C) to A. 



Add 

instruc- 
tion 

address 
to (pre- 
modifer) 
N 

address 
and 

8tlOl)C 

result 
(l)r}inch 
Hi.Ii boss) 

to N. 



ISSUE 



1 
Nov. 72 



ICL 



1904AMKII 
1904S1903T 



r: 



COMMENTS 



Relevant signals active in previous boat; 
GOOP, EV2, CwiLALL. 



V2: Mill Tests according to instructions being carried out, 
as follows; - 

050/1 Inst ructions test to determine whether x -= 
062/3 " " " " " X / 

054/5 " " " " " X > (+ve) 

056/7 " " " " " X < (-VG) 



VI: is entered If the Jump is unsuccessful (SUCJUMl') 

V5 and V6 are only entered if Extended Jump Mode (EJM) 

Is specified, otherwise V8 is entered. 

EJM allows jumps > 32K worls. 

E^M " " / 32K " ~ even instructifms only. 

In EJM, jumps may be either RELATIVE or REPIV^CED. 

V5: 

1) If previous 117 instruction (117L), premodifier is in P. 
This is added to datum and result strolied to A. See 
conditions for EV5 (in V2 below) . 



VG. (liEI^TiVK) 

The branch address is formed by adding the current 
instruction address (now in A) to the relative N address, 
which may have been premodified in the instruction phase. 
In 'ncRative jumps*, sign extension is carried out in VDEC 
of the instruction phase. 

VR: (RKiM.ACKD) 

X (in R) copit'd into P. 

Store loctition of liraiioli address was datumised and [jlaced 
in N rcK '«'•<-'' i" inslruraion phase. In VR Hie store is 
addresyctt from N and thin part of the branch address in 
read on) to H. 

Vti: (ItKl'LAt'KI)) 

Datunt or (i)aluni i Premodifier) was placed in A in V5. 
Uemniiuier of branch address ie now in R, The contents 
of A and U are added to foiin the complete brancli address^ 
which Is strobed to N. 



GROUP 05 INSTRUCTIONS (JUMPS) 



FC18 

SHEET10F2 



(EAAQ L) 

(EAAQ-L*) 

(EAR-L) 

(EASX-L) 

(EAY L) 

(EAZ-L) 

SUCJUMP 

SlICJUMPl 

S11CJUMP2 

EM-Q 

EQ-B 

EQAJ-B 

EQKM-B 

EQNQ-D 

EQRZ-n 

XRDS 

EVI 



EV8 
GDLA 



VI 



(ECAX-K) 
(PLUS 1) 
EM-Q 
EQ\X-C 
EOl 

(ECAX-K) 

(EPAJ K) 

(KPKQ-K) 

(EPRX-K) 

ED;L1 

K1)-.L2 

EM'Q 

EQA/A 

EVti 
EVli 
GAI.AIJ. 

vn 

(KHA,i K) 

(l;iJKM K) 

(KUNI'-K) 

(l;HQ K) 

(I:RKX-K) 

(Kin/ K) 

KM Q 

EQA/-P 

ELS:(-X.I 

EHX-H 

(ilN-SAD) 

Ki-;si''i. 

Rl 
(I'SIN U) 

KVO 
CALAM, 

V(j 

(PC;iJECIv) 

Dir: 
(i.:AAg- 1.) 

(EAAQ-l.*) 
(EAR L) 
(EASX 1.) 
(HAY !,) 
(i;A/-h) 
(ENK'^ K) 
(Er^fJiX-K) 
EM Q 
(KR.V.) K) 
(KflKM-K) 
(KHNPK) 
(ERRX K) 
(EiJQ-K) 
EC/- N 
KQY/ N 
EQRX-N 
EQAQ-^: 

EV8 

HESBKPT 
E .' to 



MP 

3F3a.2r)/72 
3F33:23/72 
3F33:2l/72 
3F33:7/72 
3E33:5/72 
3F33:3/72 

3E23:20/llI 

3K23;2/in 

3E23:24/1I1 

3C14;23/167 

3D1 3:15/7!) 

3i)13;2l/7iJ 

31)13;22/7'J 

3D13:24/7it 

3013:23/71) 

2Al2;H/30 

3A10:12/H 



3AH;:2I/H 



3A21:12/ll 
3K3i: 18/74 



CONDITIONS 



1050:1. HM__0 
105:^:3. RM_ 6 
|0r,4:5.M23 
in&ti:7.M23 



SI) C JUMP 
SUCJUMPl. 

XR1).S^ 

EJ,0O7C:7^ 

F1MUU1S\\ 

FIMI) 

XRDS. EJ. 

SUCJUMPl. 

1107 G; 7 V _ 

FP'UBUSY) _ 

Xll|)S2.(KXKC 

v RG02) 

FO 



3i;i0:l0/t)7 
31)24:8/109 
3C1.4:23/I(j7 
3 K 17; 12/85 
2A1G;I5/4J 



3E10:10/tj7 

3E';t:3/66 

3Fy:5/6G 

3Fl):25/6ti 



3C: 14:23/ IG' 
3F2U:2:i/81 

3A:^0:21/10 
2A]7;5/7 
31)30:3/70 
2i;i7:2/'J'l 



31'V:2U/(i2 
31 '7: '^4/0': 
3i:7:2/U2 
3l''V:23/(J2 
3E7:4/ti:' 

3C 14:23/] G7 
3F29::>3/B1 
31-:10:(;/'JJ 
3FJ4: 18/87 
2i; 1 1:3/93 
;-^I)i:]G/32 
r. I) 1:20/284 
tiJ>-l:2l/248 



3A 20: 21/ 10 
3 DUO 3/70 



3I)jr>:17/U2 
3K33; 25/44 
3l'33:2r>/72 
3F33:23/7 2 
3F33;2l/72 
3F33:7/72 
3l'3^1;r>/7;i 
3K33:3/7;' 
3D8: 23/04 
31)8. 1 '//(>! 
3(:H;23/H)7 
3l''7:iifi/(32 

'M-'r.2'\/i::' 

3i;V:l^/(i2 
3i:7:4/G:i 

3Kl:8/83 
3El:l<i/83 

3E 1:7/83 
3El:2/83 



3A21:12/ll 
2R 15:25/47 
2A5:9/13 



FO 

117 L. REP I. 

GDIJ^ (V2) 



REPL 
FO 

EVO 

EVH.RXT)!' 



uxor 
llxop 

lK.)HLF.CPlt. 

ejTec 
ft'xci'p 



X RDS2 .(EXEC 
V RG02) 
XRDS2, EXEC 
RG02 

XRDS2_j:XEC 
RG02.HR 




FC.54 

Check branch 
address reservation 
and strobe to C; 
C(»iditionally. 



FC.53 ^ 
(VW9) / 




ISSUE 



Inov. 72 



ICL 



t904AMK It 
1904S,1903T 



COMMENTS 



If Executive Trace has been specified by a 125E instruction, 
a special Executive Monitoring routine la entered prior to V8. 
A hesitation break point occurs at the start of this routine. 



V8: N — * SAD is provided to initiate reservation check, 



EOI if EXCD. EXEC.MM3 

EXCD = Extracode and is only relevant in Group 7 instructions 
If Monitor Mode 3 is specified in normal mode or if a RESFL 
occurs, the interrupt sequence is entered after V8. 

The branch address is only strobed to C if the conditionB for 
EOI are present, as indicated by the broken line. It should 
be remembered that the conditions are present in V8 and that 
(as montioiicd in the format conventions) the strobe 
terminating any beat followed by 'decision diamonds' occur a 
after the decision diamonds. 

Note that If a RESFL occurs, the interrupt sequence is entct od 
at V33, but for mon. mode 3 the entry point is V36. Sec 
signal columns. 



M.P 



(EN-SAD) 
RESFL 

(ENAJ-K) 

(ENKQ'K) 

(ENRX-K) 

EM-Q 

EQAX-C 

EOI 



2EiI: 3/93 
2D 7: G/32 



3D 8 
3D 8 
3D 8 
3C14 
3E17 



;25/64 
:23/64 
17/64 
23/167 

12/Bi 



2A1(3;15/41 



3B20:20/33 



3F12:18/Ga 



GROUP <J>S INSTRUCTIONS QUMPS) 



FC18 

SHEET 2 OF 2 



CONDITIONS 



EOI 

RE8FU "eWD 

RE8KL 



Gate X to mill. 
Increment modifier and 
decrement counter 
strohc result to H. 



(I) 



V2 L2 



A -s> L 

MOD+2 

COUNT- 1 

CSM-SClf) 

ESM-SC22 

M -^Q 



Lncrenient 
inEttructkun 
addii'BS. 




Adtl picniud. 
(if IIYL) in P to 
Datum. Strobe 
result to A. 



Read liraiich addn 
from ^iiiore addrc.^ 
Coi)3 X tu P. 



AM ditum (MJi-eii-o 
to Ijritnc'li address;. 
Sli-ot.o result lu N. 



HK1JKTIVJ-: 



(EVKN KN) 



Hl'PLACKD 
(ODO KN) 



ji LI 



(2) 
Gate ins! I notion 
address (in C) 
to A. 



R 



Add instj'itction 
address t*> re]ati\t. 
N address. Shobu 
result to N 



N -^ K 

M - > Q 



Q -> N 





iLr~];i7j) 



^ To \'S7 VTo V7/ 
\{Slit./ \sht/ 



\ To vy 

V 



COMMENTS 



ISSUE 



ICL 



1904AMKE 
1904S1903TI 



Relevant signals active in previous beat; 
GOOP, CCOG, GAIJVLl,. ESCjr>, KV2. 



V2: Subtraction (from count) is pt^rfornied by foruiiiji K to 
'all ones'. 'PLUS 1' adds 1 to modifier, I-'Kl adds ^ to 
modifier. 

CSM: 

1) Add 1 to the modifier (bits 0-14). 

Subtract 1 from the count (Ijits 15-23). SC15. 

2) Add 2 to th3 modifier (bits 0-14). 
Subtract 1 from the count (bits 15-23). SClft. 



1) Add 1 to the modifier (bits 0-21). SC22. 

2) Add 2 to the modifier (bits 0-21). SC22. 

Note that in ESM the 22-hit address leaves no I'oom lor a 
'count portion' and the operations therefore affect only 
the modifier. If count rc<|uired in KSM, Otili/7 instruction 
follows. 

STJCJUMP is generated if test on count (/O) successful. 

1060-3 in CSM: SUCJUMP if M 15-23 / 0. 

1000-5 in CSM (i.e. KSM): Ihi'vc is no count portion and 

SUCJltMP is made uneonditionatly. U" a count is required 

with these instructions, the next instruction is made an 

OtJG/7. 

VI is entered if jumiJ is unsuccessful. 

V5 and VG are only entered if Extended .lump Mode (lv)M) is 

specified, otherwise VW is entered. 

EJM allov.s jumps > 32K words, 

EJM allows jurtips ^ 32K words - even instruclions only. 

In EJM, jumps may be either liELA'lIVE or UKI'I.ACEIJ. 

VS: 

1) If previous 117 instruction (. V7E), prtMnndifier is in P. 
This is added to datum and result strobed to A. See 
conditions for EVf^ (in V2 table bel.m). 

V6: (HE I, All VE) 

The branch adcbx'ss is fonnevi by a<fdii)i; tltc current 
instruction address (nov in A) to ilie relative N addj'ess, 
which may have been preniodifit-d in tiie Instruct ioi- Phatu . 

VU: (HKI'LAC'ED) 

X (in li) eopied into P. 

Stori' locali.ju of bi'aneh .iddi etis ua.^ datumi.sed and placed 
in N Kegislcr in instrueliipi' phase. In VH, the store is 
addressed from N and this part ol" (he br.ineh addres.s is read 
out to H. 

VG: (HKI'l^XCi;!)) 

DHtuni or (Datum t Pi-eniodifier) w;i.s placed in A in V5. 
llemainder of lirancli aiklrcs.s is now in W. Th<- contents 
of A and B are added to torn, Ihe complete braneh aildjess 
which is strobed to N. 



EV8 
IIESBKPT 



EENKQ K 
EPKALL 
EV7 



3A 21:1 2/11 
2in 5:25/47 

2B 1:13/50 

3E 1:16/83 
3E 1:16/66 
3A21:2l/ll 



(EAAQ-L) 
(EAAQ-E*) 
(EAIl-E) 
(EASX L) 
(EAY E) 
(EAZ-L) 
(FK 15-21) 

(EK22) 
(EK23) 
(EKl) 
(I'LllS )) 
(SCI;>) 
(SC22) 
EM t^ 
Et^ 11 
EQA J - n 
EQKM U 
EQNQ-B 
EQK/ H 
XRIJS 



SlJCJUMlV 

1/2 



MP 



VI 

ECAX-K 

(PLUS 1) 

EM-Q 

EQAX-C 

CCV 

EOl 



XI{DS2. (EXECv 

KO<i2) 

XRnS;i. KXKC 

RGO:i) 

XIU)S2._J'JXEC 

RG02. HK 

EV8 

EV7. JUMP 

REPE 



060 - 063 INSTRUCTIONS (JUMPS) 



FC19 

SHEET 10F2 



(Et:AX-K) 
(EPAJ-K) 
(EPKQ K) 
(EPHX~K) 
El)'l.:t 
El)-1,:2 
EM tj 
KQA/-A 

E\*l 

E\'H 

C ALA 1,1. 

EKSIN-B 

VU 

(i;pA.i-i\) 

(EHKM K) 
(KHNl'-K) 
(KlUMg 
(EHIIX-K) 

(KHV/ K) 
EM tj 

i:tM/ P 

EES;i-X.i 
EIIX IJ 
(EN SAD) 
RESEE 

HI 
(ESIN 11) 

EVG 
OAEAEE 

Vti 



(PCIIECK) 

DIE 

(VAM}-].) 

(EAAQ-1.*) 

(flAR-I,) 

(EASX -I.) 

(EAY-E) 

(EA7.-U 

(f:NK(^K) 

(ENHX-K) 

EM-Q 

(EBAJ-K) 

(EMKM-Kl 

(EBNP-K) 

(E'.RX-K) 

£• N 
EC YZ-N- 
ECrfRX-N 
EQAQ-N 
XRDS2 



3F33:25/72 
3E33:23/7 2 
2 E 33: 2 1/7 2 
3E33:7/72 
3E:»3:5/72 
3E33;3/7 2 
31)5 :12/li!» 

3E5:H/(;n 
3K5;I(i/li'.> 
3D5;M/titt 
3l>24:b/|i>y 

3D]:,;(i/no 

31)3:2::/ 1 12 
3C1 1:23/1 (i7 
31)13:1.0/7'.! 
3D13::>i/7S) 
3Di:<:22/7;» 
31)13:24/70 
3Dj3:^'3/7i» 
2I)12:H/30 



3E23:20/lll 
3E23:2/lll 
3E23:24/11I 

3Al(i;2l/« 



3Al(i:23/tt 

2 in 3:3 /'J 

3AX 1)2/11 
3F31: 18/74 



CONDITIONS 



CSM.CE(i:7. 

E2.CSM 

E2.<:SM 

CE2:3 

IOti():l 

CSM 

CSM 



CSM.CFOT)^, 

CSM.IOGO-3 

Ml523ZRy 

C SM.IO ti4:5 

HMDZH 

SUCJUMIM. 

XHDS. EJ. 

(107(1: V^ 

FPtfBPSV) 

sucjCm P 

XHDS. 
St'C.IlMPl. 

EJ.JO.ti:"^. 
KPt ^I'PtHPSV) 

XKDS2, (EXEC^, 
RC(i2) 



3EUl:10/t;7 
3DL>1;H/10'J 
3(;M:;>3/1G' 

3E17;12/b5 
3Kl2:lH/;ilJ 
2A1(.: 15/41 



3KPS;iO/t;',' 

3|-:t>:a/Gt» 

3K«):r,/'>(, 

3!:2l:'J;>/7,^; 
3C-l:-y/7;, 
3('H ■!3/Hi7 
3l'2y:23/Ml 

2A^O:'!i/lO 

2A)7:ri/7 

3D;i():3/.U 

2EIV:-/;M 



::V«..J 

:J3/(K' 
:.l/...l 
;25/(,;; 

;(,;'3/hi 

i*.G/i.! 
J:1S/h; 
l::t/',.3 

20/- «1 



Gl>t:2l/284 



3A 20 21/10 
31)30:3/70 



31)15:17/112 

3H3.t:2r./44 
3E33-^.S/7L' 
3P33 23/7.i 
3E33 /l/7^: 
3E3;i:7/72 

3'--3a:)/72 
3E3:::3/7;.' 

3DH:L'.VG1 

3Db :r/G4 

3Cl4:23/iG: 

3K7:2G/G2 

3F7;:^4/b:' 

3E7-2/G2 

3E7:4/G.^ 

3F7:J.t/G2 

3Ei.h/b3 

3IM>:2G/83 

3El:7/b3 

3El:2/b3 

3A)G;2l/& 



EO 

1171,. HEPE 

1-n (\'-) 



nxop 
uxov 

IXJHEI'.CPH. 

EXEC 

fix OP 



R^4irn X (ill P) to B 

(Group 06 and 070:1 instr. only). 




Check branch addrens 
reaervntion and etrobe 
to C (condnionally). 



1) Write H U. 
X in VQ of 
Insl. Phasr 
following. 

2) Set ZS if IKi 2'i. GQ22ZS. 



ISSUE 



1 
Nov. 72 



ICL 



1904A MKI 
1904S.1903T 



COMMENTS 



V7: X is returned to B in order that it may be written 
directly to ace. X in VQ of the bist. Hiase following. 



If Executive Trace has been specified by a 125E instruction, 
a special Executive Monitoring routine is entered in the beat 
immediately before V8. A hes. break -point occurs at the 
start of this routine. 



V8: N — *> SAD is provided to initiate reservation check. 



KOI if EXCD. KXKC.MM3 

EXCD Kxlracode and \ti only relevant in Group 07 
iastructioiis. If Monitor Mode 3 is specified by the G register 
or if a lU'SKL occurs the interruiil sociuence is entered in V8. 

'I'hf branch addresB Is only strobed to C if the conditions for 
EOl are prescit as indicated by llic broken line. It should be 
reniGiiibored tliat the conditionb are present in V8 and thai 
(as mentioned in the format ccnvealions) the strobe 
terminating any beat followed by 'decision boxes' occurs 
after the deejKioii boxes. 

In 070/j instr, OV is cleared since a record is maintained 

in the link. 

Note that, if a RKSFI^ occurs, the inleirupt sequence is 
enteied at V33, but for Monitor Mode 3 the entry point is 
V;i(;. See signal cokuiniH, 

h\ iVl^-.'S inyli iKlion8, the Zero Suppression bislnblea lakes 
U|. the stale of the ZS bit (Q22) at the ultimate strobe of V8. 

In 070-1 inelruelionH. OV is denied since a record is 
maintained in the link 

In 074 tj jn-structions, OV is ci*;ai'ed if X =^ 2 or 4 and forced 
if X - 7. (See conditions on Shetl 1) 



GROUP 06 AND 07 INSTRUCTIONS (JUMPS) 



FC19 TO 
FC24 

SHEET 2 OF 2 



(EPAJ-K) 
(EPKQ-K) 
(EPnX-K) 
(EPYZ-K) 
EM-Q 
EQ-B 
EQAJ-B 
EQKM-B 
EQNQ-B 
L^RZ-B 
XRDS2 
EV8 

hESBKI'T 

EVIO 

EGNKQ.K 



(EN-SAD) 
RESFL 

(ENAJ-K) 
(ENKQ-K) 
(ENHX-K) 

EM-Q 

EQAX-C 

KOI 
EV3:J 



CCY 
GQ22ZS 



M.P 



3E 9 
3E 9; 
3F 9 
3F 9: 
3CI4: 
3D13: 
3D13: 
3D13: 
3D13: 
3D13: 
3At6: 
3A21: 

2H] 

23 



: 3/66 
; 5/66 
: 5/66 
;23/66 
; 23 4 67 
;15A9 
21/79 
22/79 
24/79 
23/79 
21/8 
1 2/) 1 

i:25/47 

; 1 3/50 



2E11; 

2D 7: 

3D 8: 
3D 8: 
3D 8: 
3CI4: 
3EI7; 

2AI6: 

31120 



3/93 
6/32 

: 25/64 
:23/64 
:17/64 
:23467 

:12/85 

;I5/4 
20/33 



:i 



3F12 
3D2:V 



18/9!) 
25 A 03 



CONDITIONS 



XRD.S2 . (EXEC v 

RG02) 

XRDS2. EXhX:, 

RG02 

XHDS2._EXEC. 

RG02, HU 

EV8 



DORL F.CPR. 
EXEC 



RESFL. EXC D 
EXEC. MM3 

RESFL 
RGOO. RGO I 
EXEC. PM. 



RESFL 

Ed. (1070:1 V 

1074:5. XD2VD4) 

KOI 

EOi. 1072:3 

EOl. (I074:5XD7 

V 1072:3. RN23) 



^ 



Gate X to mill. Increment 
modifier & decrement 
counter. Strobe result 
to B. 



Itu: lenient 
JnHiiurtion 

Mdd.CHS. 



Add |)rotiiod (it 1171.) 
in P to Datum. 
Strobe resiiU to A 



lUvKi JuiiiKh address 
from si ore addn-.ss N. 
Coj)y \ l(. 1', 



Add datum (+ preniod) 
to branch addretis. 
Strobe itsult to N. 



(1) 




(064) 

hf:i>laced 

(065) 



Q — ->A 



Gate in- 
struction 
address (in 
C) to A. 



Vlt 


1.1 


\\-~>K 


M-^Q 


N'->SA1J 


in.Ai) 


Q.^^^l' 



Add 




instruction 


address 


to 


relative 


N 


address 




Strobe i 


esull 


to N. 









Q— >N 




"C"."!^ 



ISSUE 



ICL 



I 



1904A MKH 
1904S,1903T 



COMMENTS 



RELEVANT SIGNALS ACllVK IN PKEVIOUS ItKAT GCK>1', 
CG06, GALAl.L. ESCl.'i (CSM), 1:;SC22 (ESM). 



064/5 instructions are used with characte 
formats. 



V2 

CSM & ESM: 



counter/motiififr 



Character address (bits 22 & 2;i) incremented by 1. If CH ^ 'A, 
overflow occurs and Is fed back to MO. EAC .(End Around 
Carry) makes CYBO. 

CSM only: 

Count decremented by 1 (FK 15-21). 
Carry suppressed between bits 14 & 15, 

ESM only: 

There is no count component. If count required in Et.M, this 
is dealt with by 066/7 instructions. 
Cari-y suppresst*! between bits 21 & 22. 

SUCJUMP is generated if test on count (^ 0) is successful. 
1064-5 in CSM: SKCJDMP if Ml 5- 2, J / 
1064-5 in CSM (i.e. ESM: thc.c is no count portion and 
SUCJUMP is made uncomlltionally. 

VI is entered if jump is unsucccsslul. 

V5 & V6 arc only entered if Extendtxl Jump Mfxlo (EJM) is 

specified, othei-wisc Vti is entered, 

EJM allows jup.ps > .'i2K words 

FiJM allows jumps / .'<2K woi-ds - cvtin instructions only. 

In EJM. jumps may be HEIJ^TIVK oj- UEPLACIJD. 



If previous 117 iiisti-uction {1I7L), premodifii'i- is in P. 
This is added lo datum aiKl result strobed to A. See 
conditions for EV5 (in V2 taljle below). 



V6 (RKI^'JlVi-;) 

The brani^li addn.ss is formt*:! by addiitj; the euritnt iiistiuction 
address (now in A) to (ho relative N address, wliic:li may have 
been prcnuKliti( ,i in the iiislruclion )>hast'. In 'ti(;',:i!iv(' jumps' , 
sign extcnsi.xi i.-, i art i( d oul iii VDIIC of the iu-htiction i)!ia>,» . 

Vlt (HL:1'I,ACM>, 

X (in H) coi.ird into P. 

Store loealinji (d branch addiess was datumisc^l aiicl phtc:i>d in 
N registn in instruction phasr. In VR, the store is 
addressfd ironi N and this part oi Ww branch addn.ss is read 
Old to II, 



V6 (REPLACED) 

Datum or (Datum ^ Premodifier) was placed in A in V5. 
Remainder of branch address is now in B. The contents of 
A & B are added to form the complete branch ad<)iess which 
is strobed to N'. 



X1U)S2 



EV8 
ilESBKPT 

EVIO 

EENKQ-K 
EPKALL 
EV7 



3A16:2l/b 



3A21:12/11 
2B15:25/47 

2B 1:13/50 

3E 1:1 6/8^1 
3E 1:16/60 
3A21:12/1 



064,065 INSTRUCTIONS (JUMPS) 



f XRDS2. (EXEC. 
1 RG02> 
XHDR2. EXEC. 

'xHIjS2^XEC. 
.1{G{)2 HR 

EVtt 

KV7. JUMP 

REPL 



FC20 

SHf Fl lOF 2 



(EAAQ-l.) 

(KAACM/) 

(EAR 1.) 

(EASX-L) 

(EAY-L) 

(EA/.'IJ 

(EAC) 

(CVIIO) 

FK22 
FKH)-21 
(SCI a) 

(SCL!2) 

i-:M-t^ 

Fxi II 
I'XJA.I-H 
EQKM n 
^:QN^.^ H 
KgR/-B 
XRO.; 



MP 



3K33:25/72 
;)K3:i:2:i/72 
:{K;i;i;21 /72 
3K;t:i: 7/72 

;u;*:t: 5/72 

MHA: 3/72 

;n)i;t 16/7H 

61)2C.: .i lii',1 

3E .'>: H/G!l 
3D 5:12/f.',> 
31)15 ii/ir. 

3n 3:22/111 
3Cli-2;i l(i: 
3l)i:i;ir./7!l 
3DJ3:2I '7Vl 
3Dl3:22/7y 

;;di;(:21 7*.) 
:{ni:),2;i T'.j 
2AI:': K'-.'U) 



Sl'C,niMP^l,2 

3K23:2t) I H 
3K23 2 '111 
3K23:21 111 



i';vi 



EVH 
t,Df.A 



EC AX K 


;ii:ni 


tO/GT 


(PMiS 1) 


31)21 


S/l OiJ 


EM (,t 


:iC\i 


23107 


^:(^^x ( 


3 KIT 


12/Hr. 


t:cv 


3 V I 2 


in/;>9 


1 :< )i 


2 Aid 


1 T) -1 1 



(!■:<' AX K) 

(i;pA.i K) 

(KIMU.t l.| 
(I'iPRX K) 
(Kl) 1,:1) 

<i:n I ;•) 



i;\ i< 
<;ai.ai I, 

KJi.SIN H 

\'H 

(EHA.l-K) 
(KItKM K> 
(KliNC K) 
(KIU^ 1^) 
(EllUX K) 

(i;i'>y/-K) 
EM g 
KgA/- 1' 

EKS3 .\-! 
ElIX II 
(EN SAD) 

RKSi'l, 

lU 
(ESIN HI 

EVti 
C.AI,AI,I. 



xa _ 

(I'CIIKCKl 
DIE 

(EAAQ- 1) 
(EAAQ J,") 
(EAR-'.) 
(EARX-1,) 
(EAY-l,) 
(EA/-L) 
(ENKQ-K) 
(hNRX-K) 

viCBAJ-K) 
(i:BKlM-K> 
(EBNP K) 
(EBUX K) 
(EBQ- K) 
FXi N 
E<iY/-N 
Et/RX N 



3AI(1;2I 
;!A10:12 ' 



3A2) :12.'ii 
3P31:lfj/7.1 



3CI I 

3i'.:;j 



31 



:ti: V: 4 fj2 

.ii' 7:2". (i2 
3CH:23A(;7 
3F29:23 .^1 
31i;> G/'!ll 
3F)l:iM 87 
3En: 3.'!>3 

2D 7, 0/3;" 

5F l:2U'2rt4 
tJD 1:21/218 

JVM 21,10 

:ui:iu: 3/7(1 



3i)ir>:; 

3li:;:{:;'. 

3K33;2. 

3F33::j 
3F3:(. 

3l\'>;i; 



3D 8 
3C14 



en 6 

31 



21/7: 
7/72 
5/72 
3/72 
23/64 
17/64 
23/167 
: 26/62 
:24 /62 
: 2/62 
: 4/02 
.23/62 
: 8/83 
;26/h3 
7/H3 



CONDITIONS 



EAC. 1IE22. 
[m.23. I1K22 
CI '4: 5 
CF6:7.CSM 
CCOtJ. C:SM 

'('( ;<><;. CSM 

1 vl(KM:...CSM 



CSM. CIU- 
CSM. Midi:; 
IIMD/R 



St'<\H .MI'l.XRDS 
EJ.(I076 <v 



FPl!BI!S]i' 

XHDS. SI (MT-MP 
XRD.S. Sl'( Ml^MPl 

K,\.o'<yu>:}\ vv\) 

V FPIMJl'sy) 

XRD^2. j:xi;r 

RCOl' 
FO 



lllVL. UIJ'I, 
FH (\,) 



MXOP 

ilXUP 

DOR IF. CPR, 
I-^Et' 

iixoV> 



{'^ 



COMMENTS 



Return X (in P) to B 

(Group 06 and 070:1 Inetr. only). 



1 




\From/ 

Y 


1 


oni/ 

7 




V7 1 LI 






P-»K 






Q-^B 













Check branch address 
reservation and strobe 
to C (conditionally). 




EXCDvEXEC.MM3 



1) Write B U> 
X in VQ of 
Inst. Phase 
following. 

2) Set ZS if HQ 22. GQ22ZS. 



ISSUE 



1 

Nov. 72 



ICL 



V7: X Is returned to B in order that it may be written 
directly to ace. X in VQ of the Inst. Vh&ae following. 



If Executive Trace has been specified by a 125E instruction. 
a special Executive Monitoring routine is entered in the beat 
immediately before V8. A hes. break-point occurs at the 
start of this routine. 



V8: N —* SAD is provided to initiate reservation check. 



EOI if EXCD. KXEC. MM3 

EXCD Extracode and is only relevant in Group 07 
instructions. If Monitor Mode 3 ia Bpcscified by the G regiettr 
or if a IlKSKL occurs tht; intcrnii<t po<!uence is entereJ in V8. 

The braiK'li address is only strubtd to C if tlic condltioaa for 
EOI are present as inditafod by Ur> broken line. It should Uv 
remembered thai the conditiont; at e present in V8 and tliat 
(as mentioned in the format ctxvcntiona) the sholtc 
terniinatinii any beat follow|;d by '(Jocision boxes' occurs 
after the dooinion boxes. 



In 070/1 instr, OV is cleared sint < 
in the link. 



reeoj'd in maintained 



Note that, if a RESFL occurs, the inte-j-rupt sequence is 
entcretl at V33, but for Monitoi' MotU.- 3 the entry point is 
V3t;. See signal coiurnnw. 

In 072:3 instructions, the Zero Suppression bislables takes 
up the state of the ZS bit (Q22) at the ultimate strobe of V8. 

In 070-1 instructions, OV is cleared since a record is 
maintained in the link. 

In 074 5 jii.t;f ructions, OV is ci-jared if X - 2 or 4 and forced 
If X - 7. (See conditions on Shett 1) 



1904A MKir 

1904S.1903T GROUP 06 AND 07 INSTRUCTIONS (JUMPS) 



FC19 TO 
FC24 

SHEET 2 OF 2 



(EPAJ-K) 
(EPKQ-K) 
(EPRX-K) 
(EPYZ-K) 
EM-Q 
EQ-B 
EQAJ>B 
EQKM-B 
EQNQ-B 
EQRZ-B 
XKDS2 
EV8 

hESBKPT 

EVIO 

EGNKQ-K 



(EN-SAD) 
RESFL 

(ENAJ-K) 
(ENKQ-K) 
(ENHX-K) 

EM-Q 

EQAX-C 

EOI 



COV 

CCY 
GQ22ZS 

FOV 



MP 



3E 9 
3E 9 
3F 9 
3F 9: 
3C14; 
3DJ3: 
aDl3: 
3DJ3: 
31113: 
3D13: 
3A16: 
3A21 : 

2B15 

2H t 



: 3/66 

: 5/66 

: 5/C6 

:23/6e 

:23/l67 

:15/79 

:2lA9 

:22/79 

:24/79 

:23A9 

:2l/8 

:I2/n 

25/47 

13/50 



2E11: 
2D 7: 

3D 8 
3D 8 
3D 8 
3C14 
3E17 

2AIG 

3IJ20 



3/93 
6/32 

: 25/64 
23/64 
17/64 
:2HA ti7 
; 12/85 

)5/4l' 

20/33 



/35| 



:l&/9ii 
25/103 

3i'21 : 9/100 



3F12 
3D2a 



RESFL 

EOL. (1070:1 v 

1074:5. Xl)2vD4) 

EOI 

ECl. 1072:3 
'EQl. a074:5XD7 
\y\012:3. RN23) 



CONDITIONS 



XR11S2. (EXEC v 

RG02) 

XRDSa. EXEC 

RG02 

XRDfK.^XEC 

KG02. Hit 

EV8 



DQRL F.CPR. 
EXEC 



RESFL. EXC D 
EXEC. MM3 

RESFL 
RGOO. ROD 1 
EXEC. PM. 



1 



Form (Datum -1) in A. 



V3_ U_ 

B -*K 
B -^K 
D-* L 



Kurni subroutine link 
(C • 1 D) In B. 



7.S 



V4 LI 



A -> L 
PLUSl 

M15 
(CSM) 



ZS ^ M22 
(KSM) 




COMMENTS 



Add premod. (if 117L) 
in P to Datum. 
Sti'olxi result to A. 



Kcad brfiiitrh ndi.i)'t'HH 
(£iddi<ris of first 
suhiinitiiu' instruction) 
frohi tiioio iuidrosis 
N. t\)i.y X io P. 



Add Djiluni (+ pi 
to biHiich oddlt'.ss. 
Strul-,c rei^vM to N. 



0) 



RELATIVE (070) 



REPLACED (071) 



Gate instinct ion 
addross (In C) to 
A. 



(2) 



C ->K 
M -^Q 



Q -^A 



M ■ > g 

s; - J SAD 

!;kad 



Add intili uclit>!i 
addrc'SK to relative 
N addrotfK. Strobo 
result to N. 



VtJ LI 



A > L 
N » K 
M - Q 




ISSUL 



ICL 



1904AMKir 
1904S.1903T 



Relevant signals active in previous beat: 
GOOP, EV3, .iBKALL. GDI^, PNBAZ, K. 

070/1 instructions provide entry to a subroutine. Tht firtst 
operation required is to store the (relative) next instnuiion 
addresti so that this nio^ be made availahle on exit from the 
subroutine. In V3, 1 is subtracted from Datum «nd in V4 the 
result of this operation is subtracted from the instruction 
addres!:! (in C). Thus: C - (D -1) C « 1 - D. 

V3: 1 is subtracted from Datum by gating B and B to K and 
D to L Thus K - 'all ones' and L Datum. 

Note that EV4 is not made. V3 makes V4 direct (OOGtJ) 



V4: The result of the operation in V3 is subti'acted from C. 
The state of the zero suppression bistable (ZS) is forced onto 
the Q highway, necessaiy gating in the data flow being initiated 
by GZSM15 (CSM) or GZSM22 (ESM). 



All C except bit 22 ('carry') is gated 
includes the overflow bit (23). Thus 



to the mill. Tliis 

, at the strobe setting: 



V5, B OV CLEAR ZS Kel. next inst. addr. 

23 22 16 15 14 (CSM) 



OV ZS Relative next inst. addr. 

OR 23 22 21 



(ESM) 



In 070/1 instructions, SUCJUMP is forced unconditionally, 
since no test is required. 

V5 and V6 are only entered if Extended Jump Mode (EJM) i 

specified. Otherwise, V8 is entered. 

EJM allows jumps > 32K words. 

EJM allows jumps / 32K words - even instructions oidy. 

In EJM, jumps may be either RELATIVE or REPl^CED 



V5: 



1) If previous 117 instruction (117L), preniodifier is in P. 
This is added to datum and result strobed to A (see 
conditions for EV5 in V2 tabb btlow). 



V(j & Vit: The branch acidrcsa is the 
subroutine instruction. 



iddress of the first 



VO (RELATIVE) 

The braiicti address is formed by adding the currcnl 

insi ruction addrest. (now in A) to tlu relative N addi et ji, which 

may hiivc been premodified in the I'i;.! i iK-tiun Pliase In 

'nofiative jumps', si(.Mi CKtcnsiiXi i;; c;irried out in VDiX' of 

th*.: Instruction IMiaye. 



VH (REPLACED) 

X (in B) copied into P. 

Store location of branch acMre 

N register in lust ruction Phas^ 

from N and this part of the br;i 



■; Wji, datuniised and placed in 

In VK sfoi e is addi ei.shed 
eh ad.trest: is read out to H. 



V(i (Ri: I 'LACED) 

Datum or (iJsituni + Premodifier) wa 
Remainfici of branch address it, ww 
and It are a«ldcd to toi.u tiic coniiiit-: 
strobed to N. 



lilaced in A in V.'i. 
in H. Ttic c<jnlenKs of A 
brancJi addre:-;;; \\f.i<tli it; 



070 - 071 INSTRUCTIONS JUMPS 



FC21 

SHFET iOF2 



i:d-L:1 

ED- I. 2 
(EBAJ-K) 
{EUKM K) 
(EBNP-K) 
(EIU^K) 
(EBHX K) 
(FBY/-K) 
KNIlAZ K 
EM g 
H^\Z A 

EKNAHXl. 

V'i 

ECAX K 
EC/ K 
ENAAg L 
ENAUX L 
E/S Qh) 

(PLUS !) 
EQ-3 _ 
E QAJ- B 
EtjKM B 
E(JN(^B 

eqA/.-b 

SIJCJl Ml' 
SLKMUMI'i 
SHCIliMI':^ 
XI'J )S 

i-;i 

XKDSi> 



CI) LA 
EVs 



(Et AX K) 

(Kl'A.I -Ki 
(i;i'K\\ K> 

(i;)'i;\ Ki 

El) 11 
|I» I. • 

ImM \' 

i:i*\:/ A 



i:\u 

CALALI. 

KI-.SIN- L 

\'H 

(LliA.! K) 
(l-.l^i.M K) 
(i ir.l'. K, 

(i:iu,> K) 
(!.tit;\-K) 
<).tn/ Kt 
i:,M i.< 
K.JA/ I* 
Ll.S.i \<l 
KIIX II 
{EN SM>! 

iii:.st I 

!([ 

{t;si\ M) 



CAt.ALL 
\G 

(i'cni:<'h) 

DM. 

(EAAi.'. L) 
(EAAM J.*) 
(EAX-. ) 
(LAf .X I.) 

(i:ai L) 
(i;a'/-L) 

(I.NKQ- L) 

(LNH.X-K) 

LM-y 

(KH.U-K) 

(EliKM-K) 

(EBNP-K) 

(LHRX i;) 



MP 


CONDITIONS 


.■JE21 :2:</7;. 


IclMt EXEC 


3E2i; :•;*'■/;. 




ai'7:2(i/(l:' 




•M'7 :\'A /U2 




:iK? :::/<;:• 




:iE7:';i/(;:' 




;ti:7:4/<i;' 




.■ll''7:25/(i2 




:{D:t:<» \].> 




;tci'i :2;)/i i-jj 


:tK2i> ::,! Ml 




.■iE:t;t:Voni- 





:jeio 
:iKio 
;iCi't 
:iD;ii 

;jF2:; 
aEKi 

,) 1)2-1 
UDl.J 

;tDi:j 

.tDl.i 
31)1 -i 
3D 13 
3E2:i 
3K2:i; 

3K-;;i 

2A12: 
2Dn: 



l.'I, nil 

i,-j'in( 

H.'ioy 



2 1 /7 !» 
22^79 
24 '7!( 

2.-i/7y 

20/1 i 
2/1 I 1 



(E!'/ 
E(^ X 

Egw 
E.;k 

XKlJ.- 

L\-:i 



i;i.N(.jJ K 
KI'KMI. 



.il'to 10 (,; 
MM r, i;(; 

:iEy;2:./(il, 

31;2I::m./'.; 
;ik;^i ■••'!.. r. 
,M(.) ::.! ! i 
;!J:^;i,:':f ^hi 

;tAll):Xi 'K 
2A17:;./V 

,(D.('),;f, ', i» 

;ii;i7::^,';fi 



;U2:2'; (;;■ 
;u".::;j 'b ■ 

3 K'- :/•..' 

;i('^ :.':■■ I..' 
;)!■:■; ■), (.■ 

:!t. 2;.'(, ■ 
;!(. 1 1,2;! h 

:;i:mi.(; '.m 
;i 1 ■ III .s ; 

2L1 1 :;t.-;t:i 



CSMNEJ 
CSMNE.1 



HCi) 

SLCJU.NjP^j . 
XKDS. i:j. 
H)767v 
EPDUllSV 

XKDS.St CJt^Ml^ 

I-^I07G:7v 

FPU V 

1 PliiulSY 

FO ^ 

XKDSv EXEC 

m;o2. 



KIIM, 
to 

i:V(; 



3Dir> iv/i [:'. 
;tn.t;«:2.^i,/i i 

;iF;i3:2r./v,' 



i/'i:' 



:iFi:i:2i^'v:! 

3F33-7 ■",:^ 

;tE;(3;f>'V.' 

3F.l3:;t/7:'' 

3I)T:2:v'f>i 

3I»^.1?/G1 

3Ci4:2:j/t;v 

3F'' :20/t;2 

:iF7;24/6l' 

:iE7;2,/ti2 

.•iK7:J/G2 

;SI7:23/G:i 

3El:8/8;i 

3El:lG/><:i 

3EI:7/«.'i 

3E) :2/*)3 

3AI6:21/b 

3A21:12/1I 
2B15.25/47 

V'--:9/i:< 

3L):16/8:( 
Sht. 6C 
:iA2l 12/11 



lixni- 

HX'H" 

DOULF. Ci'lt. 
EXEC 

i'lxoi' 



XIUJS:i. EXEC. 

,RG02 

fXHDS9, EXEC. 
[Ra02. HR. 

KV8 

KV'7. JDMP 

Rl PL 



Return x (In P) to B 

{Group 06 and 070:1 instr. only) 





FC.53 
{VW9) 



Check branch address 
reservat Ion and strobe 
toC (conditionally). 



V8 L2 



N-*SAD 

N->K 
M— »Q 
CCY 
COV (con- 
ditionally) 



KXCDvHXEC.MM:) 




1) Write l\ tu 
X in VQ of 
Inst. Phabt 
follow inj;. 

2) Set ZS if \IQ 22. GQ22ZS. 



ISSUE 



ICL 



COMMENTS 



V7: X iB returned to B in order that it ipay be written 
directly to ace. X in VQ d the Inst. Phase following. 



If Executive Trace has been epecified by a 125C instruction, 
a special Executive Monitoring routine is entered in the beat 
immediately before V8. A hea. break-point occurs at the 
start of this routine. 



V8: N — * SAD is provided to initiate reservation check. 



EOI if KXCl). KXKC. MM3 

KXC11 ilxtrocodc aiul in only relovanl in Group 07 
instruoliuiiK. If Monitor Mode 3 is tjpecified by tho G regieter 
or if a Hi;Sf''i. occurs thf interrni)! Koqucnce is entered in V8. 

Tlio brain^l> atklreay is only strobed to C if the condilious for 
I'JOl are pretie'it at; inclicaled by Die broken line. It sliouUI l)o 
reiiiomboreil thiil the conclitionti hvv present in VS and thai 
(as mentioned in the format ct nvitnlions) the strnljc 
terniinatinij any beat followed bj 'decision boxes' occurs 
after the decjt^i(»n Iroxes. 

In 070/1 insli . OV is cleared since a record is maintMinett 
in the link 

Note that, if a KKSFl- occurs, the interrupt seqiuntco is 
enlf.red at V33, but for Monitor Mode 3 the entry point is 
V:UI. See sitiiial coluninH. 

In ii'i2:'A insli ucdonH, the Zero Suppression bistaljlen takes 
uj. the state of the ZS bit (Q22) at tlie ultimate blrobe of V8. 

In 070 -] int^t nut ions, OV is cleared since a it;eord is 
maintained iu the link. 

In 074 5 i I (o! ructions, OV is cl'iared if X ^^ 2 or 4 and forced 
if X ^ 7. (See conditions on Shett 1) 



1904A MKE 

1904S.t903T| GROUP 06 AND 07 INSTRUCTIONS (JUMPS) 



FC19 TO 
FC24 

SHEET 2 OF 2 



V7 



mmk 



(EPAJ-K) 
(EPKQ-K) 
(EPRX-K) 
(EPVZ-K) 
EM-Q 
EQ-U 
EQAJ-B 
EQKM~b 
EQNQ-B 
tsjRZ-B 
XJfU)S2 
EVti 

hE5BKV>T 

EVIO 

EGNKC^K 



(EN-SAD) 
RESFL 

(ENAJ-K) 
(ENK(^K) 
(ENRX-K) 

EM-Q 

EQAX-C 

EOl 

EV33 



COV 

ccy 

aQ22ZS 
FOV 



3F12 
3D23 



31'2t : 9/1 OU 



MP 



3E 9 
3E 9- 
3F 9 
3F 9: 
3CH; 
3D13: 
3ni3: 
3DI3: 
3D13: 
3D 13 
3A16 
3A21 

2B15; 

2B I: 



: 3/66 
5/66 

5/66 
23/60 
23/167 
15/^9 

.21 A9 
:31!/79 
:24/79 
23/79 

:2)/« 
12/11 

:2ri/47 

I a/50 



2E1I: 
2D 7; 

3D 8: 
3D 6: 
3D 8; 
3C14: 
3E17: 

2A16: 

3B20: 



; 3/93 
6/32 

:25/64 
23/64 
17/64 
23/167 
12/ti5j 

ir>/4l[ 

20/33 

18/35^ 



18/99 
2rjA03 



CONDITIONS 



XRDSa . (EXEC V 

RG02) 

X1U1S2. KXEC, 

UG02 

XiU)fi2,_*:XEC. 

KG 02. Hit 

EV8 



DORL F.CPtt. 

e55ec 



RESFL. EXC D 
EXEC. MM 3 

RESFL 
RGOO. RGOl 
EXEC. PM. 



RESFL 

EOl, {1070:1 V 

1074:5. XD2VD4) 

EO! 

Ea. 1072:3 

EOI. (I074:5XD7 

V 107 2:3. RN23) 



Gate X to mlH. Decrement 
'?ount and strobe result tr B. 





VI LI 




C — >K 


Incremoiil 
Instruction 


PLUS 1 
M->Q 
CCY 


address. 




~ - -- — - 




Q— >C 










c 



Add 

prenioflifiur 
(if 117L) in P 
to Datum, Strobe 

re.su! I to A. 



Read hniiich address 
from store iiddr 
Copy x u> I^, 



N. 



Add d:iiu)n (* prenttxl) to 
braiK'h juldros.s. Sttulie 
rcsidl to N. 



^ 


•^ 


RELATIVE 




















(066) 


A 




REPLACED 








(067) 




V5 LI 


V5 LI 


P — > K 


C — » K 


I) - -> L 


Gate instruction 


M-^ Q 


r --.-.---- ■ 


address (in C) to A 


r.r-_-r.-r.- 


Q- 


-> A 




Q- 


-1 


VR 


L. 




V6 


u\ 


B -. >K 


A ™>L 


M - -^ Q 




N - -> K 


N ■-> SAD 


Add instruction 


M - -> Q 


iii:Ai> 


address to relative 






N address and 
strobe result to N. 


- -■:---: 


9 - 


-> J' 




Q --> N 




\'G 


LI 


A --. 


> L 


n ^ 


-> K 


M — 


->Q 


Q > N 








GE3 



ISSUE 



ICL 



1904AMKn: 
1904S 1903T 



i: 



GOMMtNTS 



RELEVANT SIGNALS ACTIVE IN PREVIOUS HEAT; 
EV2, VUOGC", GALALL, ESC15 (CSM). ESC22 (ESM) 
OOOP 



The 066/7 instructions branch to N if x^, / 0, These 
instructions contain either a 15 bit counter (CSM) or a 22 
bit counter (ESM), but no modt'ier. Their main 
application is in ESM, when they provide the counter to be 
used in conjunction with the previous instruction's 22'bJt 
modifier. 



V2 

The count Is decremented by 1, the necessary bits of 
the K highway being forced to '1' at the same time as x 
(in A) is gated to the L highway. 

CSM. Force K bits 0-14 and suppress carry between bits 

14 & 15. 
ESM; Force Kbits 0-14 and suppress carry between bits 

21 & 22. 



SlJCJUivIP if count / 0. bits 0-14 being tested in CSM 
and 0-21 in ESM. VJ is entered if jump is unauecessful. 

V5 and V6 are only entered if Extended Jump Mode (EJM) 

is specified, otherwise V8 is entercKl. 

EJM allows jumps >.12K words. 

EJM " " /32K " - even instmction only. 



If previcHis 1 17 instruction (1 117L), premodifier 
is in P. This is added to datum and result strobetl 
to A, See conditions for EV5 (in V2 table below). 



VG (RKLAnVE) 

The brancli address is formed by adding the current 
instruction address (now in A) to the relative N address, 
which may have been premodified in the in.-,l i-uetion piiasc. 
In 'neg;itivc jumps', sign e.xlenfiion i.s carritsi out in 
VDFO of the instruelion phase. 

VR (ItKPLACED) 

X ^in IJ) copitid into I^. 

Store l(Kation of branch address \va:, datumistni ;in(i placed 
ill N jcgister in instruction phase. In VR, tht^ store is 
addressctd from N and tills pari of the branch riddie.ss is 
lead out to B. 



VG (Krii'LACI'D) 

Datum oi' (Dtituni t Pjemodifier) was placed in A in Vfi. 
Remaindij' of branch address is now in IJ, The contcju.- 
of A fc n ;uo addwi to foj-m the complete bramli ;i(!dr<\ss 
which is strobed to N. 



066-067 INSTRUCTIONS (jUMPS) 



FC22 

SHEET 1 OF 2 



M.P 



(EAAQ'L) 

(EAACi- L*) 

(EAR-L) 

(EASX- L) 

(EAY-L) 

(EAZ-L) 

(FKO-714) 

(FKl toF KG) 

(FK15-21) 

(SCI 5) 

(SG22) 

EM-Q 

EQ-IJ 

EQAJ-H 

EQKM-B 

EQN(i-B 

EQKZ-R 

SUCJUMPl 

SliCJUMP2 

sue JUMP 

XIUJS 

XRr)S2 



EV8 
GDLA 

VT 

MCAX K 

(I'l.nsj) 

c;cY 

i;( )i 



(KCAX-K) 

(i:t>Aj-K) 
fl':l'K(^Kj 

(Kl'ltX^K) 
(Kl)^l,:l) 

(i:i) ]■•:/) 

FA.iA'/.- A 

MVtJ 
KVK 

(iALAI 1. 
KK.SIN 1^ 



(1;MAJ-K) 

(KhKM-K) 
(KHNI'-K) 
(KWii K) 

(MtiHK 10 
(KH^V.. K> 
KM -(J 

i-:q-\'/. r 
l';i,s;! \,) 

(KN-SAP) 
UK.SI'I, 
Rl 
(MSIN-H) 



^''0 



(i'CHlX^K) 
I>i K 

(EAAQ- L) 
(LAAC^I.*) 
(KAR-L) 
(EASX- I.) 
(EAY-L) 
(i'JAZ-L) 

(KNKQ-K) 

(KNRX-K) 

EM-g 

(EBAJ-K) 

(EBKM y,} 

(KiiNl'-K) 

(KBRX-K) 

(Eli(^-K) 

E(^ N 

KRY/ K 



IU;S'* vPJ' 



EENKQ-K 
EPKALL 

EV7 



:iF:{;<:2rj/72 
;iF;*3:2;*/7iJ 
;JF3.'}:2I/72 
;n':J3:7/27 

jk;i;i:5/72 

3F,*i;J:n/72 

ana .16/68 

3D5:12/G9 
3D15:6/n2 
303:22/112 



3CH 
3D);) 
3D 13 
3D 13 
3D 13 
3D 13 
3E23 
3F23 
3E23 
2A12 



:23/lC7 

;ir>/79 
;21/7y 
;22/7y 
: 24/79 
23/79 
;20/l 1 1 
;2/l 1 1 
24/111 
:8/3t) 



3A16:2I/H 



3A21 :12/n 
3F3i;lH/7l 



;U';10;10/G7 

;!1)j:1:H/107 
;iCl 4:23/1 07 

:;K17:12/Hr» 

;j!'l2:lH/i)!) 
2At(;:ir,/Jl 



C(>JDtTI(DNS 



y 



:G06. CF0:7 

CSM. V206C:7. 
CG06. CSM 
CG06. CSM 



rM0014ZRv 

^M1521ZR, CSM 



SUC JUMU XRDS 
EJ. (1076"? V 



XRDS. sue JUMP 



{XraJh^SmjLCvTPi 
FJ^lJ)76;TvFPir 
vFPUBUSY) 

{XRDS2. EXlX'. 
RG02 

Vo 



3EiO;]0/<j7 
3hj;»:3/0{i 

;)!■:!):.">/(;(; 

.•((■■0;25/(;«i 
:H':2l :25/7r. 
;1K2I ;22/V;, 

;ifi.i:2:i/'iG; 

;il 2!):2;!/«l 

:!A2(h2] -lo 
2A17;r./it 

3i).;o:;i.'vo 



3 FY 



2G/G2 
:il'7:24/G2 
31;Y;2/G2 
;i I'"/: 2 3/02 
:!(-:7:-i/G2 
:[F7:2."j/G2 
;H'1 i::^;! (i:J 

:tn2)):2;i ■!(.' 

3Fi;t;0/;tl 

2 FN :;;.*>:{ 
^))7:G/H2 
.^>[;i : 20/2 H.J 
01M:21 ''24 K 

:iA :'0;:!i /\u 
:i|)2(i:3/20 



31)15:17/112 
3n33 :2r./44 
3F33:2r./72 
3F33 23/72 
3F33:21/72 
3 F3 3:7/7 2 
3F33:5'72 
3F33:3 72 

31)8:23/64 
,3D8:17/G4 
3C14:23/'1G7 
3F7:26/G2 
3F7:24/G2 
3E7:2/62 
3B7:4/62 
3F7:23/62 
:*Kl :H/H3 
3F7;25/62 
3KI :7/H3 
All>:21/H 



;iA2 1:1 2/11 
21U ,^ :2ft/47 



Sht. 64 
Sht. 66 
3A21:J2/11 



FO 

1 n7L. RFPL 



|l-() (V2) 



REPl 
FO 



lfXnP__ __ 

IKIUJXIHEXKC 

liXOP 



XRiya . (kWc v 

RG02) 

XRDS2. EXIX, 
RG02 

XRDSl^EXKC. 
RG02. HR 

EV7, JUMP 
REPL 



Return x (In P) to B 

(Group 06 and 070:1 instr. only) 




Check branch address 
reservation and strobe 
to C (couditioiially). 



EXCDvEXEC.MM3 



1) Write B to 
X in VQ of 
Inst. Phase 
following. 

2) Set ZS if HQ 22. GQ22ZS, 



ISSUE 



I 

Nov. 72 



ICL 



1904A MKE 
1904S.1903TI 



COMMENTS 



V7: X iB returned to B in order that it may be written 
directly to ace. X in VQ of the Inst. Phase following. 



If Executive Trace has been specified by a 125E instruction, 
a special Executive Monitoring routine is entered in the beat 
immediately before V8. A hes. break-point occurs at the 
start of this routine. 



V8: N — *• SAD is provided to initiate reservation check. 



EOI if f:XCD. KXEC. MM 3 

EXCD ^ Kxtracode and in only relevant in Gi'oup 07 
instructions. If Monitor Mode 3 is specified by the G register 
or if a I'lKSFL occurs the interrupt Bixjuence is entered in VB, 

The branpii address is only strob'jJ to C if the conditions for 
EOI are present as indicated by (he broken line. It should be 
renienibered that the conditions are present in V 6 and that 
(as mentioned in Ihe format ct lU cnlions) the strobe 
terniinaling any beat followed by 'decision boxes' occurB 
after the dcciBion boxes. 



In 070/1 insh , OV is cleared s 
in the link. 



^ a record is maintaijied 



Note that, if a RESFL oociirs, the inloirupt sequence itj 
entered at V33, but for Monitor Mode 3 the entry point is 
V3G. See signal column.s. 

In 07if:3 instruclions, the Zero Suj>pres6ion bistahles lakes 
up the state of the ZS bit (Q22) al the ultimate strobe of V8. 

Ill 070-1 instructions, OV is cleared since a record is 
maintained in the link. 

In 074 G iiiiilructions, OV is ei*jared if X ^ 2 or 4 and forced 
if X =- 7. (See conditions on Shett 1) 



GROUP 06 AND 07 INSTRUCTIONS (JUMPS) 



FC19 TO 
FC24 

SHEET 2 OF 2 



(EPAJ-K) 
(EPKQ-K) 
<EPKX-K) 
(EPYZ-K) 
EM-Q 
EQ-]i 
EQAJ-B 
EQKM-B 
EQNQ-B 
E^RZ-B 
XRDS2 

EVa 

hESBKl'l 

EVIO 

EGNKQ-K 



(EN-SAD) 
RESFl. 

(ENAJ-K) 
(ENK(^ K) 
(ENRX-K) 

EM-Q 

EQAX~C 

EOI 
EV33 

EV3(i 

GOV 

CCY 
Gg22ZS 

KOV 



3F12 
3D2rj 



MP 



3E 9 
3E 9 
3F 9; 
3F 9: 
3C14: 
3D13: 
am 3: 
3D13. 
3D13: 
3D13: 
3A16: 
3A2J: 

2B15: 

2B 1; 



: 3/66 
; 5/6C 
; 5/C6 
2 3 /GO 
;23/lG7 
15/79 
2IA9 
22/79 
24/79 
23/79 
21/8 
12/il 

25/47 

13/50 



2EU 
2D 7 

3D 8: 
3D 8; 
:1D 8: 
3C14; 
3EI7: 

2A16: 

31120: 



: 3/93 
: 6/32 

; 25/64 

17/64 
23,167 

:l2/85f 

)ii/4l1 
20 '33 

18/ 



-I 



3K16:2:>/100 



ib/yy 

25/1 03 



31-2) : 9/iOO 



CONDITIONS 



XRI)82 . (EXEC y 

RG02> 

XRDS2. KKEC. 

RG02 

X11DS2,_EXEC. 

RG02. IIU 

EV8 



DORl. F.CPR. 
EXEC 



RESFL. EXC D 
EXKC. MM 3 

HESKL 
RGOO . RGO l 
EXEC. PM. 



RESFL 

Ea. (1070:1 V 
1074:5. XI>2VD4) 
EOI 

EOT. 1072:3 
'EOI. (I074:5XD7 
vI072:3. RN23> 



Transfer link (in A) to N. 



V3 LI 



A-* L 
B-> K 

SC15 C 

SC22 (ESM) 
M-»Q 



Datumise relative next 
Instruction address and 
return to N. 



V4 U 



D-» L 
SC22 
M -i>Q 



Q- 



> N 



ISSUE 



ICL 



1904AMKE 
1904S^1903T 



COMMENTS 



Relevant signals active in previous beat: 

GOOP, 1072:3, EXITV3, GALALL, (EXITV3. CSM '^TM), 

ESC15 (EJ.CSM), ESC22 (CSM EJM), GBKALL, ^ 

The 072:3 instructions provide exit from subroutine. 



V3: The link (relative address of next Instruction in the 
object program) is added to the relative N address of the 
072:3 instruction and the result is strobed to N. 

Carry is suppressed between mill slices 14 & 15 (CSM) or 
21 & 22 (ESM). 

The link includes a record of zero suppression (ZS) In bit 15 
(CSM) or bit 22 (ESM) and of overHow in bit 23. If ZS = bit 
J.5, it Is transferred to bit 22 on exit from the mill in order 
to allow the formation of a 22-bit address. 



V4: The relative address of the next instruction in the object 
program is datumised and returned to N. 



Carry is suppressed between mill 21 & 22 to protect the ZS 
and overflow bits included in the link. 



072 - 073 INSTRUCTIONS (JUMPS) 



FC23 

SHEET 1 OF 2 



EASX-I. 

EAY- h 

(EAAtM,) 

(EAAQ-I/) 

(EAH-1.) 

(EAZ-L) 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EUQ-K) 

(EnUX K) 

(KHY/-K) 

SCI 5 

SC22 

CSMNKJ 

GM15Q22 

EM-Q 

EQ-N 

EQAQ-N 

EQRX-N 

EQYZ-N 



;JFa3:7/72 

3F33;5/72 

3K33:25/72 

3K:'3:23/72 

;*K;iH:2i/7:i 

3F:13:3/72 
;iF7:26/62 
»F7: 24/02 
:iF7:2/62 
3F7:2M/i52 
)K7:4/<i2 
;iF7:2r,/(>2 
JDI 5:6/11 2 
303:22/112 
3E26:;)/22 
31^22:12/101 
3C1 4:23/1 07 
;i El; 8/83 
3 El; 2/8.3 
3El:7/S3 
6D6. 26/83 



CD LA 
EENKQ-K 
ESC 2 2 



3F31:18/74 
3 EI: 1 6/83 
3i:4:26/98 



ENAJ-K 

ENKg K 

ENYZ-K 

ENRX-K 

ED-L:! 

EI)-L;2 

SC22 

EM-Ci 

Eg N 

EQAQ-N 

EQKX~N 

EQYZ-N 



EJ 

XUDS2 

IlKSBKF'l 



3D8:25/64 
3118:23/64 
3D8: 10/84 
308:17/64 
3E2l:2.'-i/75 
3C21 :22/7r> 
303:22/1)2 
.3C14:23/167 
3Kl:8/83 
3 El: 2/83 
3 Kl :7/83 
606:26/83 

3A21 :12/ll 

2011 : 16/1 12 
3A 1 6:2 1/8 

linUi:2r>/47 



MP 



GAIJVLI- (EV3) 



' EXIT V3 (EV3) 



CONDITIONS 



lOSClG 
ESC22 
CSM.EJ 
CSMNE.) 



(EV3) 



ESMyEJM 
CPR. EXEC 



I EXECvItr-02 
I XROS2 



XRDS2. FXKC. 
I KG(12 
[ XK0S2._EXEC, 

RG02, IIR 



Return x (in P) to B 

(Group 06 and 070:1 instr. only). 



1 


oni"/ 

/ 


VProm y 

y 


\Fr 


oni/ 




V7 1 LI 






P-*K 

M ->Q 






Q-*B 














/^EXEC^y HR 
. MON J 




FC.53 
{VW9) 



Check branch address 
reservation and strobe 
to C (conditionally). 



V8 I L2 



N-s-SAD 

N->K 

M -*Q 

CCY 

GOV (con 

ditionally) 



EXCDvEXEC.MM3 




1) Write H t(. 
X in VQ of 
Inst. Phasu 
followiiii;. 

2) Set ZS if HQ 2Z. GQ22ZS. 



ISSUE 



1 

Nov. 72 



ICL 



1904A MKI 
1904S.1903T 



COMMENTS 



V7: X is returned to B in order that It may be written 
directly to ace. X in VQ of the Inst. Phase following. 



If Executive Trace has been epecified by a 125E instruction, 
a special Executive Monitoring routine is entered in the beat 
Immediately b^ore V8. A hes. break-point occurs at the 
start of this routine. 



V8: N -^ SAD is provided to initiate reservation check. 



EOT if EXCI). KXEC. MM3 

EXCD - KxtriK'ode and is only rclovanl in Group 07 
instructions. If Monitor Mode 3 is specified by the G rugister 
or if « IvKSKL occurs the intermiil £!n<iuenee is entered in Vb. 

The branch address is only strobed to C if the conditiunB for 
EOI are prescnl as indicated by the broken line. II should be 
rernembeied thai tl>e conditions are present in V6 Rnd that 
(as mentioned in the foinial ccnvcjitions) the strulio 
terminating any beat followed bj 'decision boxes' occurs 
after the derision boxes. 



In 070/1 insti 
in the link. 



OV is cleared since a record is niain!;ii 



Note that, if :i RESFL oceiira, the inkrrupt se<iuenee is 
enli:red at V33, but for Monitor Mode 3 the entry pftint is 
V3C. See signal colurnuH. 

In 07 i!: 3 iiislruclionH, the idero Snppicssion bistiiljles lakes 
up (he state of the /S bit (Q22) al the ultimate strobe of V8. 

In 070-J instruelions, OV is cleared bince a j eeord is 
maintained in tlie link. 

In 074-5 iniilrnetions, OV is cleared if X - 2 or 4 and forced 
if X - 7. (.Sec conditions on Sheet 1) 



GROUP 06 AND 07 INSTRUCTIONS (JUMPS) 



FC19 TO 
FC24 

SHEET 2 OF 2 



(EPAJ-K) 
(EPKQ-K) 
(EPRX-K) 
(EPYZ-K) 
EM-Q 
EQ-11 
EQAJ-B 
EQKM-B 
EQNQ-B 
EQRZ-B 
XHDSa 
EV8 

hESnKl>T 

EVIO 

EGNKQ-K 



MP 



(EN-SAD) 
RESFL 

(ENAJ-K) 
(ENKQ-K) 
(ENRX-K) 

EM-Q 

EQAX-C 

EOI 



GOV 

CCY 
GQ22ZS 

KOV 



3E 9 
.3E 9 
3F 9: 
3F 9; 
3C14: 
3D13: 
3Dt3: 
31) 1 3: 

3ni3 

31)13 
3A16 
3A21 

21U5: 

2H 1; 



3/66 
r>/66 
: fj/GC 
23/60 
23/167' 
15/79 
:2l/79 
: 22/7 9 
:24/79 
■.2:V79 
:21/8 
:12/ll 

; 25/4 7 



CONDITIONS 



2E11; 
2D 7: 

3D B: 
3D 8 
3D 8: 
3014: 
3E17: 



3/93 
6/32 

:25/64 
:23/«4 
;17/64 
;23.167 

;i2./'8l 



2A1C:15/41 
31J2U;20 '33 

18, 



8/35| 



18/99 
25/103 

31''21: 9/100 



3F12 
3D23 



RESFL 

fEa. (1070:1 V 
ll 074:5. Xl)2vD4) 

EOI 

EOT. 1072:3 

EOI. (I074;5XD7 

vl072:3. RN23) 



XRDS2, (EXEC V 

R002) 

XiiDSa, EXW;. 

RG02 

XItDS2._J^:XEC, 

HG02. «H 

EV8 



DORLF.CPR. 
EXEC 



RESFL. EXC D 
EXEC. MM3 

RESFL 
RGOO. RGO 1 
EXEC. PM. 



[goop) 



Increment 
instruction 
address. 




VI LI 



C -*K 

M +1 
M -5>Q 

GOV 
_CCY_ 



Branch to address 
in N on conditions 
specified by X field 
(see coraraents). 



Addpreniod. (Jf 117L) 
in P to Datum. Strobe 
result to A. 



Read branch address 
from store address N. 
Copy X to P. 



Add datum (^ promod.) to 
branch address. 
Strobe result to N. 




<1) 



<074) 



REPLACED 
(075) 



(2) 

Gate instruction 
address (in C) 
to A. 




Q -> P 



Add instruction 
address to 
relative N 
address. Strobe 
result to N. 



V6 LI 



A ~* L 

N -* K 
M ^Q 




-Q 



Vti LI 



A -» L 
M -*Q 




■G^ 



. ToV9/ rfoVsy 

\(Sht/ \sht./ 
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M 



Relevant signals active in previous beat: 
See signal tables below. 

074-077 instructions branch to an address in N under 
conditions specified by the value of x. 

These instructions are entered on GOOP becoming active at the 
end of the Instruction Phase. Other conditions for entry will 
have been activated earlier in the Instruction Phase. SUCJUMP 
is made active as soon as the X field of the instruction is decoded 
(i. e. on the X Register being loaded) In VDEC, XDO, XD1:2 etc. . 
are decodes of the X field and are interpreted as follows: - 

XDO is active when x ^ 0. 
XD1:2 is active when x - 1 or 2. 

SUCJUMP allows a Jump to the address in N if: 



X - (uiicondit tonally) 
X = 1 (if overflow set) 
X =: 2 (if overflow set 

- clear overflow) 
X == 3 (if overflow clear) 



X = 4 (if overflow clear - 

clear overflow). 
X ^ 5 (if carry set) 
X " 6 (if carry clear) 
X ^ 7 (if overflow clear - 
set overflow). 



VI is entered if jump is unsuccessful. V5 and V6 are only 
entered if Extended Jump Mode (EJM). Ot herw ise, V8 is 
entered. EJM allows jumps >32K words. EJM allows 
Jumps ;i32K words. In E.IM, jumps may be either relative 
or replaced. 

V5 (REPLACED) 

1) If previous 117 instruction (117L active), premodifier is 

in P. This is added to Datum and result strobed to A. 
See conditions for EVb (in table 2 below). 



V6 (itELATlVK) 

The branch address is formed by adding the current instruction 
address (now in A) to the relative N address, which may have 
been premodified in the Instruction Phase, In 'negative jumps', 
sign extension is carried out in VDEC of the Instruction Phase 

VR (REPLACED) 

X (in B) copie(i into P. 

Store location of brauel< address was daUimlscd find placed in 
N Register in Inyt) u< tiuji PhiJse. In VK, the stcire is addressed 
from N and this pari ol the branch addrcbs is refii) out to B. 

^/J (REPLACED) 

Datum or (I>iluin i Premodifier) was placed in A in V5. 
Remainder of branch adUrcBs is now in B. The contents of A 
and B are added to form llie complete branch address which 
is strobed to N. 



074-075 INSTRUCTIONS (jUMPS) 



FC24 

SHEET 10F2 



SUCJUMP! 
SUCJUMP2 

SUCJUMP 



C23117 
GOOP 
XRDS 



XRDS2 



EVl 
EV5 



EV8 
GDLA 



VI 



ECAX-K 
(PLUS 1) 
EM-Q 
EQAX-C 

COV 

CCY 
EOl 



V5 



(ECAX-K) 
(EPAJ-K) 
(EPKQ-K) 
(KPRX-K) 

ED-I<:1 
ED-L:2 
EM-Q 
EQA^--A 

EV() 
EVi( 

GAl^LL 
Ei:SIN~B 

VR 



(EBAJ-K) 
(1:BKM-K) 
(EIJNP K) 

(Kny K) 

(EliRX-K) 

(i;byz K) 

KM Q 
EQAZ P 
K1,S3-XJ 
EllX-B 
(1;N SAD) 

Ri:si<^L 

Rl 
(KSJN-B) 

EVG 
GALALL 



(PCIIECK) 

DIK 

(EAAQ-L) 

(EAAg L*) 

(EAH L) 

(EASX-L) 

(EAYH.) 

(EA/-L) 

(ENKQ-K) 

(ENItX-K) 

EM Q 

(EBA.T-K) 

(EBKM-K) 

(EBNP K) 

(EBR/-K) 

(EBQ K) 

EQ-N 

EQYZ-N 

EQRX-N 

L-QAQ-N 

XRDS2 




MP 



3F23; 
3E23; 
3E23 



2B13 

2AI2 



2/111 

24/111 

20/111 



Ul 

20/9 
8/30 



3A 1*1:2 1/8 



2R2:18/4 
2Hl3:3/9 



3A21;12/J1 
3F31; 18/74 



3E 10:10/07 
3D24:8/109 
3CH:23/1G7 
3E 1 7: 12/85 

3K1 0:25/ 100 

3E 12: 18/99 
2Al(i: 15/41 



3E 10; 10/07 
3E9:.VgO 
3E9:5/6« 
3F!):5/6« 

ai-;2l;25/75 
:u:lM: 22/75 
:K;i4:23/lt)7 
3F29:23/81 



3AL'0:21/10 
2Al7:5/7 
3DaO;3/70 
2 El 7:2/94 



2t;/(;:d 

24/02 
2/U2 
23/02 
4/G2 
25/02 
4: 23/ to? 

18/84 
9; 0/91 
4:18/87 
l:3/9;i 
:G/a- 

: 12/270 
0DJ:2l/24b 

aA20:2l/lO 
31):U):3/70 



31)15:17/1 K 
3]\:i;!; 25/41 
3l--33:25/72 
3i<'a3:2.V72 
•M'-Xi:2\/'l2 
;j|',t3:7/72 

3F33;3/72 

31)8:23/(i4 

31)8:17/04 

3C14:23/0V 

3 P7: 20/02 

31'7:24/(i2 

3EV:2/02 

3KV:4/02 

3F7: 23/02 

3i:i:8/83 

3Kl:lG/83 

3El:7/83 

3El:2/83 

3Al(i:2l/8 

3A21:12/I1 
2B15:25/47 

2A5:9/]3 

Sheet 04 



CONDITIONS 



XD1:2 RC23y 

X1J347 

C23ri'y 

XD5. UC22 y 

XIKi.RC22 

RC23 



1SUCJUMP1. 
XUDS 
£J.a076:7 y 
FPU BUSY) 

sucJTiNrp 

XHDS. 
SUCJUMP I. 
EJ. (1070:7 
FPU„ " 



(XRt>S2.(EXEC 



RESFL 

(Vl.Xn7 ^, 
EOl. 
(XD2vXD4) 



FO 

> 117L.REPL 

► FO 



REPL 

FO 

EVO 



IIXOP 

HXOP 
f DOHLI. CPR 
I EX EC 

IIXOP 



EV7 

fXRDS2.EXEC. 
1rG02 

fXRDS2^j:XEC. 
lRG02.HR 
EV8 



Return x (In P) to B 

(Group 06 and 070:1 instr. only). 



1 


am / 


\ From / 

w 


\J 


7 

r 




V7 1 LI 






P-»K 
M ^Q 






Q~>B 













EXEC.RG02 





© 



FC.53 
(VW9) 



Check branch addreea 
reserviillon and strobe 
to C (conditionally). 



V8 L2 



N-»SAD 

M ->Q 

CCY 

GOV (con 

ditionally) 



EXCnvEXEC.MM3 




1) Write B to 
% in VQ of 
Inst. Phast; 
following. 

2) Set ZS if HQ 2 Si. GQ22ZS. 



ISSUf 



ICL 



COMMENTS 



V7: X is returned to B in order that It may be written 
directly to ace. X in VQ of the Inst. Phase following. 



If Executive Trace hae been specified by a 12SE instruction, 
a special Executive Monitoring routine is entered in the beat 
immediately before V8, A hes. break -point occurs at the 
start of this routine. 



V8: N —*■ SAD is provided to initiate reservation check. 



KOI if EXCD. EXEC. MM3 

EXCD =^ Extracode and is only relevant in Gi'oup 07 
instructions. If Monitor Mode 3 is sjK'i'ified by the G register 
or if a RESKIj occurs the interrupi se^juence is enteri,;(i in V8. 

'J'he branch address is only etrt)bcd to C if the condiliiins for 
EpI are preseU as indicated by tho broken line. It should be 
remembered that the condittonb are present in V 8 and that 
(as mentioned in the format cement ions) the strobe 
terniinaliny any beat followed b) 'deeision boxes' oc<':urs 
after the dofifsiofi boxes. 

In 070/1 iiistr, OV is cleared sinto a record i^; maintiiined 
in the. link. 

Note that, if a RKSEL occurs, the inUfropt eequenre iti 
entered at V33, but for Monitor Mcnle W the entry point is 
V3C. See sinnitl colunnis. 

In 07:;^:3 inslru(;lions, the Zero Suiipression bistablos takes 
up the state of the '/S bit (Q22) at tlic ultimate strobe of V8. 

In 070-1 inyt met ions, OV is cleared since a record ie 
maintained in the link. 

In 074-5 iiijjlructions, OV is cl'jared if X - 2 or 4 and foteed 
if X - 7, (See conditions on Sheet 1) 



(EPAJ-K) 
(EPKl^K) 
(EPHX-K) 
(EPYZ-K) 
EM-Q 
EQ-IJ 
EQAJ-B 
EQKM-B 
EQNQ-B 
L-:}RZ-IJ 
XRDS2 
EV8 

hESBKPT 

EVJO 

EGNKQ-K 



(EN-SAD) 
RESFI. 

(ENAJ-K) 
(ENKQ- K) 
(UNHX-K) 

EM-Q 

EQAX-C 

EOl 



CCY 

G<J22ZS 



1904A MKE 

1904SJ903T GROUP 06 AND 07 



INSTRUCTIONS (JUMPS) 



FC19 TO 
FC24 

SHEET 2 OF 2 



RESFL 
3E16:2r)/10()lf KOI. (1070:1 v 

\l074:5. XI)2VD4) 
EOl 

EOT. 1072:3 
EOJ. a074;5XD7 
j^v 1072:3. RN23) 



3F12 
31)23 



3F2t; 9/100 



MP 



3L 9 
3E 9 
3F 9 
3F 9: 
3C14 
3D13: 
31)13: 
3DJ3: 
3ni3; 
31)13: 
3A16: 
3A21: 

21U(> 

2B 1 



: 3/6G 
; 5/66 
: 5/06 
:23/6e 
;23/l67 
15/79 
:2l/79 
: 22/79 
: 24/79 
: 23/79 
:2l/8 
:12/11 

: 25/4 7 

: 1 3/50 



2E11: 
2D 7: 

3D 8: 
3D 8; 
3D 8: 
3CJ4: 
3E17: 

AJli; 

3B20: 



3/93 
6/32 

25/64 
23/64 
17/64 
23/1 G7 

i2/8r)f 

15/4l| 



18/99 
25/103 



/K 



CONDITIONS 



XR0S2 . (EXKC V 

RG02) 

XRI)S2, EXKC. 

KG02 

XRDS2,_I':XEC. 

HG02. Hit 

EV« 



RESFU EXC D 
EXfTc. MM3 

KESFL 
RGOO. RGOl 
EXEC. PM. 





A — > L 




EXCD RKSFL 

V V 

(MM3 & FXKC) 
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The 076/7 instructions are used to branch to N on the 
following cond'Uons: 

X =^ branch if a - 

X - 1 branch if a /^ 

X = 2 branch If a >0 

X -^ 3 branch if a < 

X - 4 branch if KOV clear 

X - 5 branch if FOV set 

X - 6, 7 undefijied. 

The 076 is used for relative jump address, the 007 for 
replaced jump addresses. 

Where 'a' is tho' content of the F. P, accumulator. 

If the machine is in Priority mode, exit is made to the 
164R sequence immediately after the Instruction Phase. 

It should be noted that the 076/7 instructions may be used 
even if the hardware F. P. U. option is not fitted - in this case, 
the instruction is treated as an cxtracodc and causes a 
voluntary interrupt to enter Executive upon termination of this 
sequ'incc. 

Where a hardware F. P. U. is fitted, but if not free to 
engage in a transfer of information, a waiting loop (VII)LF) ih 
entered and cycled until the F. P. U. is free, at which time the 
main sequence is re-entered. A hesitation break point Is 
provided in each cycle of the loop. 

If the F. P. U. is not busy, or where no such utiil is fitted 
the sequence is entered directly from COOP. A test is made 
on the X field and the content of the F. P. U. accumulator or 
overflow (K'OVR) as appropriate. 

A successful jump (SUCJMl*) is defined as:- 



1 /O 

2 >0 

3 < 

4 FOVii clear 

5 FOVll set 

Note: 

SUCJMP is forced if FPII. 

1. Itelative jumps (07G) 

The absolute instruction address is formed fT-om the 
control ad(h'es8 in C {strobed to A) plus the relative N address 
(in N). The result is strobed to N. 

'^- Replaced jumps (077) 

The (premodified) addiess is dalumised and strobwl to A, 
The branch address is tht-ti read from store addtes.-> N (tir X) 
anti is coijied to V. 'Hie (22 bit) branch address is datutnistd 
(and preiiKkniied if required) and stiohed to N. 

3. F.n\i 

Fntry ia 'iukIc dir^'clly lo V8. 

V« tetits the branch adilross for reservation taitiiro. (lu 
address ih Iratisferred lo C il" FN CD & UESJ'l, ft (MM:1 FXI-x: 
and tlic liihtriicUon Phase is cnlrii^d. li reHcrvalion failure 
has occufi'od, fhe Interrupt Soqiitnof is <:Mitored. 



Ovi^rffo 
;; cleaned. 



5 set if tiic expoiun( ha.s ovorfbmcrd, .ind c 



076 & 077 INSTRUCTIONS (GCX5P EOl) 



FC 25 

SHEET 1 OF i 



(ENAJ-K) 
(EMKQ-K) 
(EN!tX-K) 
(ENYZ K) 

IXiAZ-A 

EVIULK 
EV5 
EVI 
COLA 



V8 



(FNKg-K) 
(KNKX-K) 
(KN-SAU) 

ct:Y 

KIQAXC 

FOV 

EOl 



(FXAX-K) 
(PLUS 1) 

EQAX-t' 

CCY 

KOI 



vr) 



(FCAX-K) 
(KPAJ-K) 
(j;PKtJ-K) 
(EPilX-K) 



EQAZ-A 

EVIt 

EVG 

GUKALL 

KESIN-B 

CAl^LL 



Vll 



(|;n-s,M)) 

(Ki$A.) K) 
(FllKM K) 
(FBNP-K) 
(i;n<J K) 

(iimtx-K) 

(KBV/-K) 

i-:iix n 
(i:sjN-ij) 

VXi.W !' 

(EAAt^ I,) 
(KAAtM,-) 
(KAit J,) 
(KAS.X L) 
(KAY I.) 
(i:a/ !,) 
(I'.IIA.I K) 
(KJIKM'K) 
(KUNP-K) 
(EJJQ-K) 
(KtUtX-K) 

KQAQ-N 
EQRX-N 
KQY/-N 
Xit!)S:i 

KVH 



M.P. 



3l)6.i!rVU4 
3I)8.2b/64 
3I)«.27/G4 
3J)«: 10/64 

3F29;2:i/81 

3AI2:2/4<I 

2B13:3/'J 

2»2:18/4 

3F31;lH/74 



3E!>;5/t;0 
3 F9: 25/66 
2 El 1:3/03 

3F 12; 18/99 
aK17:4/8rj 

2A16 Ifj/'H 



3('2(::-'3/M7 



3FI0; 10/(i7 
3I)24:8/l()!> 

3F17:1/Mf 
3F 12:18/9'.* 
2 Al 6:1.^/11 



3 El 0:10/67 

3El>:3/66 

3E0:f>/6<; 

3E»;25/6(j 



3F29: 23/81 

2A17:5/' 

3Ai;0:2l/]0 

3F6:2l/61 

2E17:2/y-1 

31)30:3/70 



2i':i ! ::i/it;i 
.■ir'7:L't;. *;.! 
•AVi M\ '■(;■.' 

3F7:2/{i:J 
3F7; 23/62 

3F7:l/(-'J 
3F7::>i./(,:^ 
3Fl'l:l8/«7 

r,i)i:2i/: 



3F3: W, 



3F33::':./7L' 
3F33::';t/7 

3.[''3:J:L:i/7: 
3n;K!:V/VJ 

3i';i:i;;)/7 2 

3KV:2f,/.,;j 

31'7:lM/(i2 

3K7::V<>;i 

3F7:23/(.iL-! 

3K7:'J/6;; 

3i;i:H/8:i 
3EI:2/h;{ 
3!-;i:6/H:i 
3Fl:;t/83 
3A mi I' 1/8 
3A2 1:12/11 



2a5:9/13 



CONDITIONS 



EXO!) & HSFL 
& EXEC MM3) 
EXCI) H^;SFL 
(MM-'i'Si EXE(7) 



IJ17E4 
REPL 



FO 

REPL 

EVR 

HXOP 

EV6 



K - 8 
MXOP 



V6 & EV7 

XK1)S2 &^ 

(EXEC RC.02 
^ v 

RGOli & FXt^ 

& XUDS2 & Hit 




Addx (fns 1 +5 only), N 
and C22, and Btrdbe to 
A, B and P. Set overflow 
or carry as required. 



Increnionl instruct ion address. 



100 & ci-.a & MKr lyO'iA, 









102. 


103 








106, 107 






104, 105 






Z 






100 








101 












(1) 


VI LI 


(2) 


VI LI 


A-^L(fnl) 


A -V L (fnS) 




B -»K 




B -i-K 






C22 -^ 




C22 ~* 






CYBO 




CYBO 






M -*Q 




M~^Q 






~q"-j>"aTb,p 




"q'^ A. B, P 






CLEAR 




FQ23Z 






CY 




GM2:*CY 






SO 


V 










'^ > 










VI LI 






'^0-21*'^ 




PLUS 1 








M ->Q 








Q-i-cv 








0-21 








(^ 


'J 











(1) 



Add X (fns 3 + 7 only), -N and 
C22, and strohe rosiiK to A, 
B and r. Set overflow or 
cany as required. 



VI LI 

A -;> L (f n3) 
B ^K 

CYBO 
M -»Q 

Q -> A ,B , P 

CLEAR CY 

SOV 



Increment instruction address. 



VI 



L] 



A.L(ni7) 
ii - i K 
C22 --i 
CYIJO 

M -■ >Q 

Q -A, ji, p 
FQua/ 

GMlMCY 



PLUS 1 
M -*Q 



E^it frtmi JMslruction, 
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Relevant signals active in previous bent: 
GPD, EVl, GALALL (odd fns only). GBKALL (fns 0, 1,4,'j). 
PNBAZ-K (fns 2,3,6,7), ECVBO (fns 0, 1,4,5). EENC22 
(fns 2,3,6,7). 



Fl: Fl is bit 1 of the function register and distinguishes fns 0, 1, 
4 and 5 from fns 2,3,6,7. 

Note that Group 10 instructions are literals where N (22-bits in B} 
is Interpreted as an operand, and not as an address. 



VI: Fn + 1 (]) operate on a s. 1. operand, or the ni. s. word of 
a d. c. operand (sets overflow). 

Fn 4 + 5 (2) operate on the 1. s. word of a d. 1. operand. The 
A — i> L gating (x in A) is only required for fns 1 and 5. 

1) CCY clears carry from a previous instruction in C22. 
Overflow can only occur for fji 1, and is set in C23 by 
SOV if M23 ^ M24. 

2) The redundant sign bit in bit 23 of A,B and P is cleared 
by FQ23Z. Carry is set from bit 23 of the mill output by 
GM23CY (fn 5 only). 



VI: The current instruction address is incremented in the mill 
(PLUS 1 forces data flow CYBO), and restored to C (bits 0-21). 



KOL The result (in B) 
of the followin^i InHttucl 



s written to act iir 
ioti Phase. 



ulator X in beat VQ 



'the A - -> L gatinj; is on)y requij'td for fns 3 and 7. 

1) Carry ia clcajcd from C22 by CCY, and overflow 
is set iii C-'-A by SOV, if M2;i ^^ M24 (fn A only). 

2) The 1 edundant sign bit is cleared from A, B and P 
(FQ2:iZ)_and carry is set by GM2tCY for fns G and 7, 

gating; M24 to carry. 



VI; See above. 



EOI: See above. 



GROUP to 



FC28 
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(EAAC^L) 
(EAR L) 
(EASX-L) 
(EAY-L) 
(EAZ L) 
(EBA.J K) 
(EBKM-K) 
(EBNP-K) 
(EBCJ-K) 
(EBHX-K) 
(EBYZ-K) 
(ENltA/ K) 

(GC2::, 

(GNC22) 

EM-g 

EQAZ-A 

EQ-B 

EQA,)-B 

EQKM-B 

EQNQ-B 

EQKZ-B 

EgA'/-P 

cc:y 

SOV 

Fg2:r/ 

GM23CY 
GM2-1CY 

EVI 



(ECAX-K) 
(PLUS 1) 

EM-Q 
KQAX C 
EOI 



EBAZ X 



MP 



3K:ia 

3K33 
aF33 

:»f;i3 
3F;i3 

3E 2 
3F 7 
3F 7 
3F 7: 
3F 7; 
-.iV 7: 
;u> 3 

2t''10 

:m 3 

3C14 
3F29 

:tni:t 

3D13 
3013: 
3D] 3: 
3013: 
31' 3: 
3F12 
20 7; 
3F22: 
liFM: 
21) 7: 



23/72 
21/72 

7/72 



: 3/72 

24 '(]2 
: 2/t>^ 
23/62 

4/(i2 

:2:)/»;:! 

: i)A\-2 

2^] 12 
:17'1]2 
23.Ui7 
23 81 
:ir>'7'J 
21/7'.» 
:22/7K 
24/71> 
23/7!) 
: 18/84 

:J8/;i2 
25/101 

1 0/1 or, 

S/.-il! 



3E1 0:1 0/07 
3D24: 8/1 f)9 
3C 14:23/1 67 
3E17: 4/85 
2A16;15/4I 



3F2.'): H/91 



CONDI TJONS 



GALALL (made 
t)y CGIO. I'O) 



(JBKALL (miude 
by CGJO. Ft) 



PNBAZ-K (marie 
by CGO:10. Fl) 
S<T eommint:. 
StH- einnnients 



UlOv 
1112 



(1) 



Increment instruction 
addiess and 

1) Readx to B, or 

2) Read X* to A and B. 



XAD 



0-2 
PLUS 1 
M -^Q _ 

ElIX-B 
CLEAR CY 



(2) 



PLUS 1 
M -s-Q 

EIiX*-A 

EKXl-A 

CLEAR CY 




1110^ 
1112 



Road X to A (111 + 113). 



Shift and 

dfcromeat 

count. 







Vll LI 


X ->XAD 


A ~* L 


M ^Q 




Q -^ P 


KflX-A 


J 





COMMENTS 



Relevant signi-ls active in previous beat: 
EVI 



VI: The current instruction adi.ires8 is incremented in the mill 
(PLUS 1), and strobed to C . Carry is cleared from C22 
(CCY). 

1) For tlie single length shifts (110, 112) the operand K 
is read to B, 

2) For double length shifts (111, 113) x* is read to A and 
B. 

A test is performed on the count (in Nq-s) which, if zero, 
results in exit from the instruction via EOI. A non-zero count 
results in entry to Vll or V13 dependent on the instruction. 



(EOI) 




(V18 + EOI) FC.57 



ISSUE 



1 

Nov. 72 



ICl 



1904AMKXI 
1904S 1903T 



Vll: For the 111, 113 instruction only, Vll is entered. 
Operand x* (in A) is strobed to register P and x is read to A. 
Ttiis gives the double length operand x: in A and P. 



V13; Beat V13 comprises the shift loop, the actual type of 
shift to be performed being defined by the instruction and the 
value of Nt (Njo-ij)- ^'^'i^ ^^^ ^12 instruction only, with 
Nt ^ 2 t 3 (arithmetic or special types), the I. s. bit of x 
(MO) is recorded in the cany bistable (GMOCY). 

Ihe total numlier of shift operation to be performed is 
specified by the count as Nq.^ (the count can be considered 
as occupying bits 0-9 of N, the m. s. 4 bits being clear). 
V13 is cyrled continuously until the count, which is reduced 
t»y 1 for each cycle, is zero. Note that N()_5 ^^ 1 primed the 



next beat , ji 
ending Vl3. 



i the count will reduce to zero at the clocli 



110-113 INSTRUCTIONS (cOOP-Via) 



FC29 
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(ECAX-K) 

(PLUS 1) 

ERX-Xa 

EHX-B 

E1IX*-A 

EHX*-B 

EQAX-C 

EM-Q 

ccy 

EVll 
GALALl, 

EVI a 

EO! 



(EAAQ-L) 
(EAR-L) 
(EASX- L) 
(EAY-L) 
(EAZ-L) 

ERX-XJ 

EM-Q 

EQAZ-P 

EHX-A 



EVI 3 
GALALl 



(EAACJ-L) 

(EAH-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

SUL 

DSHL 

SHR 

DSHU 

EQ-H 



EVI 8 

epicaTl 

GliKALL 

ECYfiO 

KOI 



M.P. 



3 El 0:1 0/67 
3024: 8/109 
3F20: 4/89 
3E14:18/87 
30:^8; 8/108 
;iKl«;l8/«0 
3 Kl 7:1 2/85 
:»CH:2:i/Hi7 
3F 12:1 8/99 

2 A C:16/4 
an.'lO: 3/70 

2A18: S/lti 

2A16:15/41 



;JF33:25/72 
3F33;2l/72 
3F33: 7/72 
3F33: 5/72 
3F33: 3/72 
;JF20: 4/89 
3C 14 23/167 
3F 3:18/84 
3D26;18/88 



2A18: 5/16 
3D30: 3/70 



:tF33:25/72 
;JF33: 21/72 
3F33: 7/72 
3F33: 5/72 
3F33: 3/72 
3D 33: 8/102 
3F27:20/105 
3F26:10/97 
2C 9:13/42 
3D1 3:15/79 
3D13:^Jl/79 
3013:22/79 
3!)J 3:24/79 
3013:23/79 
3F29:23/ai 
3Kn:13/lM 
3FI 8:21/80 

3Bl2:21i/;i3 



CONDiTIONS 



1110:2 
I 1 11 :3 
n I 1 3 



I1JI;3. NO-6- 
0110:3. EVI 3)^ 
(111 1:3. EVU) 

VI. 1110:2. 

NO-5 - 

VI. 1 110:3. 

NO-5 <- 



111:3. Vll 
1110-3. EV13 



1110 

nil 

1 112 
I 11 .3 



Page 
3F C: 

3F 2: 

2A16; 

2A18: 
31);!0; 



21/61 
25/9« 

15/41 

5/lG 

3/70 



N0"5-1^IU1;3^ 
1112. NU) 
1 1 11 :3 
1112. Nil 
1112. Nil 
NO-5 1. (IllOf 
1112. Nil) 

Via. NIJ-S;! 

ni0-3,MU. Rll 
FVia. Ill 0-3 



1) Write xMo X. 

2) Add C22 lo x, strobe to 




COMMENTS 



Vl8 



ISSUE 



JNov.7 



ICL 



1904A MKH 
t904S>1903T 



SajAt, 



(EBAJ-K) 

{EHKM-K) 

(EBNP-K) 

(EBQ-K) 

<E»11X-K) 

(EBYZ-^K) 

(EPAJ-K) 

(EPKQ-K) 

<EPRX-K) 

(EPYZ-K) 

(GC22) 

ERX-X.J 

EM-Q 

EQ-B 



EQAJ^B 
EQKM-B 



1) Double length - the new value of x (in B) is written lo 
X, and the new value of x* is transferred from P to B. 

2) 111-! with Nt - 2 f 3 only - C22 (set in VI 3) is added to 
the new value of x (in B) and the rebult strobed to B. 
Carry is cleared by CCV. 



tJOl. 'I'hc now viiluo of x is written to X for the 110, 112 
iubl met ions, wliili- for the 111, 113 Instruction X ( 1 is h 
Willi Ilui now vfiliic of X*. 



1IO -11 3 INSTRUCTIONS (VIB-EOI) 
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EQNQ-B 



EQRZ- 
CCY 



MP 



3F7:26/62 

3r''7:2.»/C2 

3E7:2/62 

3K7:^:*/ti2 

3K7:4/U2 

3F7:2r>/62 

3E9;3/6(i 

3K0:6/66 

aK9:25/6G 

3 F9: 23/60 

2KlO:25/lii 

3F20:4/8y 

3C14:23/1G'! 

3D1 3:1 [)/.!! 

3D1 3:21/79 

3D1 3 :22/79 

3DI 3:24/79 
31)13:23/79 
3FI2:>B/99 



CONDITIONS 



r 



1111:3^ (1112. 
Nil) 



t 




COMMENTS 



Relevant signals active in previous heat: 
GOOP, 1114:5. EVl. 



VI: Increment inetruction address, clear carry and not Nl 

Add 1 to MO (data flow CYBO). 

Force C22 (Clear any carry from previous instructiotia). 

Force Nt (NIO & Nil) to 3 for 'Hpecial' shift. 

EVl 2 ma de if characteristic +^ve (NU) and not zero 



0-9 



= 0). 



Argument (in A) - 



VJ2 (2) 

If C23 iB set (indicating argument ovciflow), the overflow is 
cleared by doing a si>ecial right Bhlfl of the argument (Nl 3) 
This id compensated for by increnu-iiting the characteriHtic 
in the next beat (V14 (2)). 

V12 (1) 

If RC23 (no overflow); the argument in simply gated through 
the mill and strobed to B. 

EVKJ made if M23 s M22 (i.e. argument has still to l>c 
standardised) and OV not set. 

EV14 for V14 (2) made if OV not Btt and argument already 

standi rdised, 

EV15 made if OV not set and argumoni - 



Argumen) standardised by repeatedly shifting left one place 



Hesitation break-point and Heal Tinu: Interrupt at each cycle 
of the looj). 



Loop cycled ujilil argimient is L;L:in<l.'ii dised or characto'int ic 



Note that N is gated (to conftutn with otlier iiislructions) 

but only N 'is used. 

f:V17 IS entry to 'iieal Time Inl. rruj.t' .Sequence. 

EVJ4: if Nt|..<) 1 is active l)cforc Du' fnsal strv.bc of Vi;f, a 

zero chiM aclci' is intticated aincv oti ilu: final stnitjc N., , 

\\oul\ (due tu NSUHl) be made ft. 

Mvi7lvJ\i:M iiuliratcti ariiinucnl in f;!:,!,.!;u-d form, 

KVjr.: Knt(;r if No-;j 1- 

ilcsit;.ti(ni bit alt- point (irtlra ckIim type 3) entered it 

ai[;inucnt 11011 standard (and non /cid). 



eristic ovcflou, tin y.cl C,^ {r. 



VM (1) 

Ny J indiv.ilc;-. c 

\V(;iiNtu/:uij). 

Ar{.',ui.u;i)t writ.Sfn (f. accunudaCoi X (liom B). 

Charactci-islir ■ -> ll. 

V14 (?) 



; incremented b^ ] in inilt 



Ah fui V14 (1). but cliavacler 
bcioro buini'- t.li->'br(! to H, 

i;oi: In VQ o( in.st ruction I'hay.r following, ciiaractcjiKlic 
written to X t l or zero is wriilcn to X and X t 1 



VJ5: n iH cloarwl by Rating'. Q {all nonf;liU) to li. 
Overflov; (C ) is cleared. 



EOI: Coiuucntp as for KOi in VI4. 



ECAX-K 

(PLUS 1) 

EM-Q 

EQAX-t' 

CCY 

FNT3 

EVIL' 



V12 

(EAAg I.) 

(KAA<,M.*) 

(EAR 1,) 

(KASX-L) 

(EAV L) 

(EAZ L) 

SllJi 

EM-gjt 

COV 

EM Q 

EQ-li 

EyAJ^^ 

EQKM n 

EQNQ R 

EQir/H 

KVlli 

i:\ 14 

)•; V J :j 
VI 3 



(KllAJ K) 
(EliKM-K) 
(EliNl' K) 
(Eli(M<) 
(EiiKX K) 
(EBV/-K) 

vSllb 

KM ■ g 
Eg j*^ 
vxiA,} n 
t;gK^^n 

EQNQ I i 
KQK/ II 
N.SI t'. 



JIl'.SHKl'l 



iJtX X.) 

j;bA/.-x 

(EKA.l K) 
(Pi, IS I) 
E.M ii 
Kg 1; 
KQI.M )i 

EgA.t jt 
EQ-^g n 

Kt^K/.-M 

K(i) 

Via 

EQ Jt 

EQA.! I! 

"Egivi\, It 
Eg, V.I 1; 
EC^>l:/ n 



114 INSTRUCTION 



FC30 
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M P 

3E 10:1 0/(17 

31)24 :8/l{i;i 
304:23/ Hi 
3E17:12/h., 
3E)2:18/;»>J 
21>7;23/3:' 

31Ul;ltt/l.. 



31)30: 3/VO 



3K33:2:,/,:' 

3K33::;;v'.-; 

3K33;:!l/7..' 

3K33:7/V.; 

3K3;*::,/7- 

3E33::t/7:.' 

3K2(i: 10/97 

(;('3:1:7/l'.1H 

3Kl(i;2ii/i(>r 

30 4-3/l(,V 

31)13: ir,/7<) 

31)13:21/7',) 

31)1 3:;^-/ 7 it 

31)13:1^4/71) 

31)13:23/71) 

2A 18:5/ Hi 
2 A7 :'.)/!» 

2Ab:y/ll) 



:il-'7:26/i>.i 

3F7:24/U:' 

3E7:2/G2 

3E7;2;{/(.,.^ 

3K7:4/li2 

3F7:2n/h:' 

•MYSA-.n/lO.'. 

3CH:2;i/lfi 

31)13; ir./7't 

31)1 :<;:m /■,:.) 

3ni:i;.':'/7!( 

3i)i;i::'i/-;) 

31) 13: ;';>/,'.) 
3i'lh::'l/f,n 



I'Ah i), 
2 1 1 1 .'p . 



ICONDITICNS 



:ii 21) 


.}/K> 


3k;^') 


b/it'i 


3i)h.: 


Ti/t; t 


3i).'.} 


«/n.> 


3C'i.l 


2:>/l 


3 DIM 


i-Vv 


31)i:( 


■';V'i 


3i)i;< 


21/7 


3i)i;i 


24/7 


31)13:23/7 


2 A In 


\r,/\ 



31)13:ir./71i 
31)13:1^1/7:1 

;}i)i3:2 '/.;» 

31)13:24/71) 
3!)I3:23/71» 

3Elti: 2.7/1 O'j 

2Ai(;: 1,',/n 



HC2;t 
SI in 
i)Nr3 
suit 



M 113 KM 21'. 

M 1^3 K\i 1^21 y 
lie 23 
ltC'23. KM () 



' 


i) 


M21 


m;m 


^l 




A I.'. 


I'M 


IMl 


. Kit 


\ 


II 


% 


'J 


M2L 


KM 



Read Is. arg. and 
characteristic 
(inX*) toB. 
Increment inst. 
addr. Clear carry. 



VI L2 


CALL X* 


C -*K 


M -^Q 


ccy 


Set FlXTil 


Nt - 3 


X* -> B 


Q~*C 




Gato I . 
to P. 



1) (Jatf 11,. s. arg. to 
mill yiiube to B. 

2) Shift ;<rt;'. (m. s. in 
A. Is, in P) 1 
pUuf riglit and 
fitrubu to B. 



Staiulnrdi.si' 
and cle( it'ni 
ch:l^ii(■t^.'ri^ 



VI 1 L2 


B 


-> K 


M 


-*Q 


iU 


>tFLC;i 


Force 


Q2 


:? ^ 


P2 


3 -* 


Q 


-» P 




^ RC2[i 












V12 L2 


(2) 


A -> L 

I.)S!II{ 




M > Q 

I'M X i >: 




/^. 


: B 




1904A MKH 
1904S,1903T 



COMMENTS 



Relevant signals active in previouB beat: 
GOOP. 1114:5, EVI, SETFLC5. 

V\: Force C22 (clear any carry frum previous instniftitjns). 
Force Nt (NlO & Nil) tp 3 for 'apeciaP shift. 
Set FLGl. 

If chaxacteriBtJc negative or zero, next beat ie Vlli. 

If characterietic positive, enter hee. break-point No. 3 at V\V!l 

If no further hes. requeels, next beat it* VI 1. 



Vll: Reset FLCil (this has indicated thf i>alh selected) Clear 
Q23 which clears P23 when Q -> P. 

FDEC^ is mado by 1115. 

Set V12 1) if overflow clear. 

2) if overflow set. 



(2) ni, s. arg. is in A, Is. in P. 

Nt ■'- 3 still Kct, so this is spocial shift which clears OV. 



V15: Entered if I. s. and ni. s. arg. 0. 
V13: Entered if ;u-a. non standjir.l (M.>;! M2 
VK,: Enteied if urg. standard (Mxa / M'Mt) 



VTA: Argiimcn; standardised by rcpfMlcdly shiriini; IcM J plac 
Note thai P (t:oiitainiiii; l.s. por(joii) ii;;f.s 'iMttTniil' shill and 
P --? K is n^'t iTfiuitx'd. ChiiractcristJr (in N,). ^) is 
dt'cremontrd !jy 1 ;it uiwh cyflf. 

If cliai-acti'rl.sli. U, exit to Vl:> (notr th;d N„ ., is f'.ided tn 
conforni will. o||..r in.st I'nct ioji.s) tiL>l only Nq y i^ u;,fd. 



on of uarli V 1 :< bcal, if ivs\ ahowi. non ytandard ;t r^ 
{M22f;M2l) :!ad fhnr. jl (N\, cj ■ D. cnt.'i- HESBKl'l type- 3. 
1'hen. if Uli , enki- H'J'I (i{ t i.-quirud) , aftetwar<i.s returning; \u 
recych VJ3. 

If arg. standaidisi'd and char. / 0, enter VKi. 
Note that if N^.y 1 is active bcfort: the final t;ti<i|,c ^■)f Vl.'i, ; 
zero char, ik indicated, since on final .^strobe N^j ,) would (due 
NSUB) be made 0. 



V15: Q ~> B 'clears' B sinee Q is 'all noiii;!ily' 
FLGl is reset 



115 INSTRUCTION 



FC 31 

SHFtnOF 2 



VI 



Signal 



ERX~X.J 
EHX*-B 
ECAX K 
(PLUS t) 
EM-g 

Kg.'\.\-c 

CCY 

FNi;t 
(FL<; i) 

MK.SBKI'I 
KVI 1 



KSI f'l.Gt 

KM .i 
KgA/: 1' 
FDI'XI 

GALA id. 



(LAAg. L) 

{L\AQ-I/) 

(LAK-L) 

(KA.SX-L) 

(KAV-L) 

(KA/ L) 

LM-g 
Lg-B^ 

ligKM 15 



i:f,t: 



I 11 



Lgb/ B 

DSIIli 

i-:r*KAr.T; 

).'Vl(i 

LVi;( 



(i;iiKi\i Kt 

(LhM' K( 

{Li4g K> 

((.IVY/ iyl 

),^, g 

LM.v.r'ii 

I'^iiw li 
f.<vNg"p 
) g!i/.- n 

til:, |';jn 
NSl'L 



LVir. 
llf:SHKlT 



KKLOf 



j:^>a,i b 
J-g'KNLB 
KgNg B 
i:g(i/, B 

C()\' 
HSTt- Lf;i 

KOi 



MP 


Ca^DITiONS 


:iE20:4 't^U 




31"lH,i8 .SO 




; Kio 10 (iv 




:H)2I H 1 (»!! 




3CM •.^■' iir; 




;iKlV:L.''.s;> 




3F1 2 is !t!) 




21)7 .>,v:t' 




:t(;(,: 2L L'^,2 




2 BIT. 2;. 17 


Ntr'tf u. Nil 


2 AC. n; i-j 


nn 


.'.AH '.1. i:» 
.11 li :'.\ '(i! 


NO U OvNil 




■- 







:iC;:i:lti I. .It 




3L2.':2.) 101 




3C14:2:i H>7 




:il-A:]H,.H-\ 




.'.K\:i:U''iX 




:i]U\:\i)/\^> 


FDIX'I 


3l);io.;i/7(» 







— " 


;sL;i;.:2;, ''7 2 




.■!K;i:i:2;!/7 2 




.•sk;j.-;:2i/7:.: 




.•n-;i.:7/7 2 




31-;i:;:.0./72 




3l;!;(,:!/7 2 




:Kl-l:2;i/l(,7 




31)f:i:]r>/'7'.l 




;il)l;{:2J/79 




;irJL):22,/7!) 




:ini;(:2t ^7;t 




;iDt:!:2:i.7i> 




2t";):) :; -).• 


H< ■:> 


I'ar.r n.i 
;'A',i!l '2(i 


L\in 

!;( .'.;ivM2:)LM22 


2.M«:ri Ir, 


ILM (! P^O. 




M23KNL^2. HVJ.li 


2As:lt Ml 


V a. ur?:i. 




ItAi I) 


.fi (,::■! hi 




:u , -1. i; ' 
;ii-,7 ,'.(>.■ 

3L-?: 1 i. : 




:U'. ;.':j /(.'.' 




.iDl.'f.l ../', !i 




31)1 :i .'.'.', :• 




;(i)):i.:'i/7!i 




;iin :i:2;i 7u 




:i! IS .'J M! 




2.\b: (fi:! 


NO ■ 9 1 


■Z\U :,:■!■> '■) i 


NO t) 1 




M..'2KM') 


JAL-. r>H; 


NO - 9 ' ']. HTL 




M22i:rd2i. Bit 


2Aln:;i ':'.] 


NO- 9 ]. FB{ 




M22I:M2J. RTl 


:'A!I:9/2iI 


Nit J) 1 




M'>'I'm:'i 


.iLI 1 :2r. i 11 




.•11)13:1.^/7!) 




31)i;i 21 ''7!) 




3nL):22'7!) 




3I>!3:24 '7!t 




:d)13:2.'L'7;* 




:{i:iti:2.>''in<» 




3C:n lO/tfjO 




•.'A Mi. !:>/'>! 





V16 L2 



'Round' 1. s. argument and 
record overflow. 



VW2 
CALLX 
P-»K 

FL8 
M -»Q 
GM23CY 

B -*X 



Strobe unrounded argument 
(in P) to B. 



V17 L2 



P ^K 

CCY 
M -4>Q 



Q -* B if 
C22 set 



Trannfer characloristic from 
N to B. 



COMMENTS 



Liiient charat^t eristic. 



B ->K 
PLUS 1 

GNifOV 
M -*Q 







1. B. argumt'iil 
an<! clifitat.h'i i.s 
relunio*! to Xil 
in Vg of iiu.titK 
phabr folliAvinK 



V16: Force bit 8 of L to 1. Since P -► K (EPKALL) mudi- 
by EV16. FLOS adds 1 to bit 8 of 1. s. argument. If thie 
bit is already 1. CY will add 1 to bit 0. L. S. argument Jb 
now rounded at bit 9 and thus consistB of bits 9-22 of 1. e. 
word. If this operation results in overflow, it Is registered 



(Characteristic ie in N). 



V17: Unrounded 1. s. argument (in P) - 
the characteristic in B is cleared. 

If carry set in V16, clear it and replace rounded with 
unrounde<t from P for the special case where rounding 
clears the 1. s. word. 



N -* K At the end of this beat tlje (unrounded) 
Q -5> K 1. 8. argument and the characteristic 
are in B. 



Vl'J: Scl ovci-flow if characteristic ovtuflows (N - 1). 
Reset Flxili. 



issur 



ICL 



E..i::i_.i:x:x::i...:] 



1904A MKI 
1904S.1903T 



115 INSTRUC1ION 



•<.■ ■ 



(H,G2) 
KHX-X.) 
KBA/.-X 

Fi,oa 

(EPY/,-K) 

EM-y 

EQ-B 



EOAJ-B 



EV17 



KPKAI.L 




.•<1'L'0:4 /H!) 

.Hl-;ir.;H/uo 

3r)ir>:9/ll2 

;K:i4:2;</i»i7 

;*1U 3:15 Alt 

;ji)i;i:2i/7y 
:mi:»:22/7'j 
:n)j:i-24/7!) 
;U)i;*:2;»/7» 
.'irii 10,^ or 

2A10::</2I 
I'age fit; 



I'JV18* 
KV18 
GNKIl' 
ENKAl.L 



;JK9:.V60 

3K;1:5/6C 

3 19: 25/00 

[il'a.SA/iiG 

:iC14:2;i/lG7 

3Dia:15/7<> 

;n)i .1:21/7 it 

,iDi:<:22/7y 

ani;i:24/7i* 

.'llJ13:2:V7;i 
3F12:18/i)i) 

1117:i:i/2!^ 
3in2:22/2:i 

:ii>9:io/c;t 

Hl>*:7/G4 



(KNA.I- K) 


ai)8:2r>/t!'l 


(1:NKQ-K) 


3I)«:2:i/fil 


(KNItK K) 


ai)S:17/(>4 


(KNY/ K) 


:JD8:10/G1 


KM C; 


:K;14:2;1/1G7 


Kii-U 


3Di:i:15/7y 


KQA.T-^H 


;tl)!;!:'.il/79 


i;vj;» 


::A11;;)/24 


GliKAlt. 


;iMi:21 /Gl 



FC31 

SHll T20F2 



(i:ma,)-K) 

(KliKM- K) 

(i;hni*-K) 

(KHQ K) 

(Kl'.HX- K) 
(KhY/.- 1.) 
(I'LIISI) 

Kg It 

EQA.I l: 
K(^KN;' 11 
1-it^NQ 11 
l-x'jU/ 15 

1- ix;^ 
i:( >i 



CONDITIONS 



■.ii-'i::>M,'C,2 
;jF7:2!/t;2 
i\ ', :.'-'(i:i 
■irV:2a/G'.' 
■(i:<:4/G2 

3!):;4:8/io<.; 

;il)1.*t:l[>/VJ 

3])13;21/7;t 

il)i:i:2-l/Vl> 



::i:lL! 
l>AHi;l;> 



MM 



VIO 12 



Transfer current 
ituiti\iction addrcbs 
to B. Set US 3, Nt 
and Flag H. 



FLC12 
(1116) 
FLG3 

0-i>Nt 
Q->B 



COMMCNTS 



MINPM 




(MOVE & PM) V 
(M OVE & 
INTMOVE) 



(MNIPM) 



Priori 
Only 



rity I 



Gate insl ruction address 
to C and ln.'<d US.i 
register. 








VWl 


) 1.2 


Wiilo iiKsti notion 


lO-^SJ 


addn-hs to Ktore 


wiutf; 


location in and 


N-^K 


dccreniont N, Store 


NSUH 


cour^i to p which then 




deer. .:<ents the count 


Q-^l' 



Hi'ad duiMiii 
declination 
to B niKl fo 
by dec) oiiu 
14. 



iiting addr 



Tho INTMOVE bisUibIc will be sot at entry If the order ha.s 
been previous^j InterrupttxJ aivl will remain set until tlic eni 
of the sequence. I02.TL will also be sot If the pr"viou8 order 
was an 023 (OBEY) instruction. If the 110/126 oixler is given 
while the processor is in Priority Mode. PM is set. Also 
active at entry time will be MOVE, 1 126 11 16, awl EVIO. 
MINPM - interrupted 116/12 6 & PM . MNIPM intornipted 
(116/126 and PM. ) v (MOVE INTMOVE). 

VIO: 

The current Instruction address will be in C from the 
Instructitm Phase. Nt is forced to to specify a cyclic 
shift FU13 is set FLG2 is also sot if 116. 



V9: 



If INTMOVE is not set or if the processor is in Priority 
Mode, and I023L is set, V9 is entered, llic instruction 
address will have been gated to P in the final beat of the 02."^ 
instruction in this case and this is now transferred to C, 
LS3 being loaded from the 1. 8. 3 bits of the address. This 
beat is omitted if an 023 was not the last oi-der. 



VWIO: 

The instruction address (in B fro m the Instruction Phase if 
I023L or in B from VIO if I023L) is dumped to store 
location 10 and the word or charactci count in NO - 9 is 
decrement od by land transferred to P. 




VIO 



SiCNAI 



(ECAX-K) 

(ECY-K) 

(KCZ-K) 

El>Airii 

EciKM-ii 



EQNg-B 
EQUZ-B 

EM- 1^3 
FN TO 



EVVVl 



KKh-SO 

epkaIj, 



116/126 (move) instructions (GOOP-VI) 



FC32 

SHEET10F7 



(FSAl)l(l) 
FKCKI 
FRrK3 
(EB-SO) 

(EK2) 

EQA()-N 

EQYZ-N 

EQ N 
E(JA/-A 
(ENA.t K) 
E(?A/ V 

Nsim 

KVI I 
EKSIN- H 



(l-.l'A.J K) 

(i-:na<t K) 
(i:i'i<x K) 

(I'M'V/ K) 

KM- i.S.-l 
KV\Mi' 



{i:n ^:M)t 
(KKAI.) 

(IvSlN-Ii) 

(i:(: SA[m 

Kl.S.iXJ 
I.IIX 11 

NStii; 

H}|H 

(i.NAt- K) 

^;^^\/ A 

KKSIN IJ 
KKH SO 

KSC2:i 

inn. A 

GBKAM, 
(JAl.ALL 



MP 



3i;i0: JO/t;? 

3FiO:2r)/«7 

3FlO:19/07 

3Dl3r21/7i» 

31)13.22/79 

31)13:24/79 

31)13:23/79 

3013 •15/79 

3 El 9:3/91 

.31)17:4/2:^ 



3AIH:10/3H 

2A-\M/i:'. 



2F7; 17/100 



ri0:9 'II.' 
2F3:3^I If, 
2F3:(i/]ir. 
3K21:9/7r> 
3n.'i:N''6ti 

31)li:2L'/6K 

;jKi :;'/h:i 

:iKI :7 'H3 

:ua:Hi/M:{ 

3El:8/rt3 

3F29;23/HI 
:il)H:25./(il 
3F3:IM/H4 
3F18;2I HO 

2At3:l<i,'ll 
21:1 7 -.2 Am 



CONDITIONS 



IJ)231.^(INTMV & 
PM) 

1 JJ2£r «, (JMy 

fNTMOVE) 
i;V\V'l 
KV9 



3J';9:;r'i 

:{K9:rj/l 



3 I' i 'i 
3 1' I 8 






(1/9 1 

1 H /"■, 

2 I 'hi 

/til 



;;!j-;!7-::,''9-] 

21 V; 17/101, 

4:20/'JM 
3! '31 :lh./74 
:il- 0:21 /til 

■n).S0:3;'7() 



Mf)Vi; L 

IN rM^>yF & PM 

lNTMOVI£&. PM 
& i>UIJ& IIXIN 



iNiMOVi':*.. I'lvi t 

'I'KJI K HXIK 
MINPM 

MNJi'M>;i y/f\ 



MINPM 
MNIPM L- Pin I 



>MINI'M 
MNIPM 



COMMENTS 




Gate half the character 
count to register A. 



VI I 1,2 



N -^K 

SHH 

(116 only) 





VV^ L2 


Form word -^ count in A 


A -» L 


and read accumulator 


SHK 


X * 1 to B. 


(ilf. only) 




.^^.rr 




Q -> A 




X* 


.B 



Datum itic llist destination 
addi'ctis jin,! sti obe C to N. 
Read lirtJt origin address 
from accumulator X to 
Regiiittr n. 



Vl_3__L2_ 

II -^K 
1) ->} . if 
^FXISI) 

Sol PTXil 

if K< K _ 

g • > N 
(i --> C 
X -> B 



Priority Mode 
only. 



PRTI will be set if Real Time Interrupts are permittid. 



Vll; IS RTI'b are not permitted or if the processor is in PM, 
the character count is gated from N and shifted one place 
right (for the 116 only) to give J the character count in A. 



VI 2: The V4or character count it* for mod from hal f the count 
(in Vll) by a further right shift. In the case of PM & PUT!, 
address 11 is forced, the instruction accessed in Vll is 
dumped there and accumulator X t 1 is read to B to give the 
first destination address. 




V13: The first destination addresH accessed in \'12 is 
datumi«t;d (if the processor is not in i;xecuti\. Mode) and 
FI.AG1 is st't if the address is less than 8 {i v. K > 8). 
The datui)iitH't^ address (undatumised in KXM) is tljen 
placed in N and C Accunuilattir X is ri:sd to give tlif 
first origin address in li. 



issue: 




1904A MKir 
l904S.t903T 



:t:i 



MP 



(EliAJ-K) 

(KHNP-K) 

(E»Q-K) 

(KHKX-K) 

{1:HY'/-K) 

KQt'ALI, 

E<^AX C 

my (\ 

EKX' n 
SHK 

(i;aaq (.) 

(KAAy i/) 

(KAIt-L) 

(KASX-L) 

(l!;AY-L) 

(EA'/-I.) 

KQAZ A 

(PCHKrK) 

EVKt 
EKSIN 11 
GU1J\ 
ESC 22 

gbkaTj, 



;il-':*:!;j:i/7:i 

M-Xi:2l/12 

:\v:v.\:i/i2 
:jk;j:<:;j/7.' 
:U))rj:t7/i!: 



CONDITIONS 



MiNPM 

MN11>M 
MNIPM <C 
PHTl 

MI N I'M 



V13 



(KN SAD) 
(HKAD) 
(ESIN 15) 

(iu;i) 



lO/i:. 



tl6/l26 (MOVE) INSTRUCTIONS (Vll-VIS) 



FC32 

SHE FT 2 OF 7 



21:: J !:»/!):» 

2VA:\2/H,:- 
li|)-l:'M/L'-lh 

;tc';i'::'i/ir..: 



r 



MNllWl 

MNICM ^. 



MIM>\! 
MiSII'AI 



Mi \ I'M S. 
K • b 

^^Nl'M Ik 
( \>H ^ EXfx: 

MNIl'M 



MM I'M *. 
I. Vll 



Test absolute first 
destiiuition address 
for reservation 
failure and if 
succ essful , strobe 
to N, Form filial 
destination address. 



EAC 



(RESFL) 



Test absolute final 
destination address 
for reservation 
failure and if 
succuHsful, strobe to 
N, Datumise fir.st 
startini', add rest;. 



(RFSi-J.) 







N .- ! 


ToNi 


;i))Sohi(e fir.sl 


N ■ - K 


orl^i 


n addioHS tor 


A- J 


rem- 


vatjoii t'ailurr 


SV-rJ. 


and i 


f successful. 


KAC 


St rol 


c toN. 


(UKSri,) 





VI 7 L2 


Test ab.solute final 
origin addrer,.'; for 
re.scr\alton faihii c 
find if successful, 
sli obc U> A a!Kl N. 
Ia.uI I.S.l rrgislt 1 , 


N ^SJ 
B-^ K 
D-> I> 


(KXM) 
SC22 

M-,-IxS:i 


reset Fbtg .T aivl 
set UXOP if K < 8. 


Q-i-A, N 
{KKSI-l.v 




INTMOVK) 




0-* I'LC.H 




if nit) 




SUXOl* 




(K < A) 









L 



IS5UI 



ICL 







INT 
FC52 



COMMENTS 



V14: 

If the processor Is not in Executive Mode, the first dealinaiion 
address is tested for a resei-vation failure. If this does not 
occur, the address Is strobed to N. Shoidd a resorvjilion 
failure be found, entry is made to the interrupt sequence. The 
count is added to the first destination address to give the 
final destimition address. 



V15: 

The final destination addresa formed in VH is teste*! for 
reservation failure and the first starting address is datumistxi 
and strobed to N if no reservation failure has occurred. 



VI6: 

The first ot iKiii .'Hlihoss fuinied in Vir> is tc-iUxt for rescv^; 
faihtrc ancl if none tx'curs, the count is aflihvt to it to give Ui 
Iinal oiigin addi'css in N, 



I/) 



(EN-SAD) 

(ENAJ-K) 

(ENKg-K) 

(ENMX-K) 

(ENYZ-K) 

(EAAtJ~I.) 

(EAAt^ 

(EAK-I,) 

<EASX-E) 

(EAV-L) 

EA(' 

Itl'I.SKl. 

EA/ r 

EQA{^N 
EC^ltX- N 
EgV/ N 
El^ N 

EVi;i 

BKc;u I 



[_ i__i:"j:.[. c 



1904AMKIT 
1904S.1903T 



V17: 

The final ori^^n address formed in VKi is tested for reservation 
failure. If entry was fioin Vl.H (EXM) the first origin addiess 
is strobed to A and N. ft entry was from Vi .'J (INTMOVK), the 
first origin additss is dutuiiiised and strobed to A and N. Flag 
;j is reset anfl ilXOl' set if the address is less than H (i.e K c H). 



EVR 

EESIN-B 
FEALL 
EENARX-L 



2 Al 7:5/7 
2 El 7:2/94 
3F:<L':18/76 
3E:{3:20/ln2 



116/t26 (MOVE) INSTRUCTIONS (V13-V17) 



FC32 

SHtt f 3 OF 7 



GBKAI.I 

Ei^C22 
(iDI.A 



(EN SAD) 
(EBAJ K) 
(EBKM^K) 
(fCBNl'-lO 
(EUg-K) 
(EliKX-K) 
(tiftV/. K) 
(El) I.-l) 
(Kl)^l,::0 
i^]^n. . 

EgliX N 

KQ N 

lA'Iti 
I'iNKAI.). 
EKKKcjK 
CAl.MI 

ESC' ' 



(J'N- SAD J 
(liNAI K) 

(i:nk<j ki 

(KNK\- Ki 
(flN^/,- K) 
(KAA( * ! ) 
(EAAt,> 1,*) 
(EAK 1.) 
(EASa 1.) 
(EAY I,} 

O:\y-i) 

EAC 

t;QAO' N 
Et^HX- S 
IX^tY/.- N 
Kii K 

EV^I? 

rrijkAi.i, 

t;Di,A 
ES(';.^; 



(KN-SADj 
(EBA.J-K) 
(Eli KM K) 
(ElJNl' K) 
(EH(v Kj 
(EBKX- Ky 
(EBV/-K) 
(ED L:l) 
(ED- 1,2) 
(SC2:) 
Et^^ .-A 

EQi X- N 

Eg\/, N 

EQ-N 
REST I 

EM- L-S.j 
SHXOf 



MP 


CONDITIONS 


2Ell;;</9,i 




.'d)8:25/(i4 




;(l)8.2:i/G-l 




:tF)8; 17/64 




:tDK:I()/n.1 




■MXi:>U",J 


MNM'M 


■A\-:t:i2'A/y'. 




.•<F;f;i:2i/7- 




.■<i':f:( 7/7;! 




;tf';(:(:;..'7:' 




:U)i:i:i (;■?;) 




■MKl SA 'W.t 




2\M:i\':i:'. 


DOKi.K «; CFK & 


;(F;i:i ;t '7_' 


EXKC 


;ii;i ;:!.«:i 




;!r:i :7/h:{ 


Rr:si- r. & 


:u-;i k; H.i 


MNIi'M 


:u-;i H H;i 




liAl«:r,/lG 


MNIPM i CSM 


Page iVI 


& KVi:i 


;— - 





;*H>:21 /Ct 


CSM K- MNII'M 


.■Uvl:2(> i)8 


MMt'.M 


2E1 1 M/Uli 




:wi ■.■My/(i2 




:iK7:li4/(i- 


Seo 


:U-;7:2/fiL' 


rCoi.inients 


3K7:2;<.''02 




■Ml -4/^2 




;!l-7:2.''>/fi:' 




:iK:'l :2:. V:"> 


1 MM I'M K VVH 


;tK21 :2'J/7r) 


& EXEC 


3i);i:22/l i.; 


MMPIW 


;n-:i:2'b;i 




;iKl'7 s.-i 


MM I'M ^ 


;n:i it; h.i 




;if;i js sM 


HKSri. 


■.•'A*i:<i, :;o 
;!!■■-, :7/t;-i 




I'at^c (>-1 


Vmmpm 


.■t|):Mr:j/7o 





;ii-M;i::;i/'.:; 
M--:a:7 7:.' 

;*i)H:2J 1 1:.' 

;jdi;m«;.'7«> 

3E):2/b:<, 
3I';) :7/8;! 
3EI:1G/H;i 
3E! :H/s;i 

2AI0::t '21 
3 PC 21 (it 
3l-;tl : IK/7 J 



2E1 t -3/!) 3 
3FV:2ti/G2 
3F7:24/G2 
3E7:2/62 
3F7:23/«>2 
3E7:4/G2 
3F7: 25/02 
3EZJ:2r. '7.i 



uyi^i ; 



3E1:8 83 
3EI;8 h3 
207:6/32 

3 El 9. 3/9 1 
2 F I 7 :2 ! /*M 



[U:si I. 
EVI7 «.■ r"sM" 



jCT'ii t EXEC 
ItESPl^, 

in'tmo\j: 

dor if *, cph 
& ejSc 




Read word n from origin 
address (store or 
accumulator) and strobe 
to B. Load LS3 from 
the mill and reset IDCOP 
If LS3 = 7. 

Sot PLUSl if FLAC3 is 
reset. 



VR L2 



N -^SJ 
HEAD 
(IIXOP) 

V 

LS3->XJ 
<}[XOP y 
SILXOP & 
K < 8) 
C -* K 
P LUSl 
(if FLG3) 

r> HXOP " 
(if LS3-7) 
X -» B 
(HXOP V 
SilXOP & 
K < 8) 
M --^ LS3 
Q -^ C 



Dctrenu'iit count liy 1 
ami strobe to P. 
Hcsit FLAG 3 



0-8 
FLALL 




VVrilr word n to stuif 
(or lo ;iii jictMnuulntoi). 
Hcyt'l FLACl wla-n LS3 
Inprcnu'iit orit;in ailiiicMs 
by 1 and strobe to A aiul N. 
Load LS3 from M . 




1904A MKn 
1904S,1903T 



*L1/L2 
L2 firHl timt^ 
Ll second time 




Lj/I.v 

i/A fiial lioif 


V\V: -riie c 


1 it 


M 8 00 Olid lime 


(foj tlio t.1. 
in N jfi iiic'i 


.c. 




WIm't, LS3 


7 




2. 'liiet 


ou 



COMMENTS 



The sequence branches at thie point, and dependent upon whether 
a 116 or 126 instruction is being serviced, VR (aioet 5) or VR 
(Sheet 4) is entered. 



VII: (I12(i) - The first word to be transferred is read to B from 
the first origin address (in N). On the first cycle of the loop, the 
first destination address is gated via the mill to set LS3 and then 
strobed to B. On the second (and subsequent) cycles, the 
destination address is incremented (as FLAG3 is reset by this 
time) and IDCOP is reset when LS3 7. 



VI 8: The count (\Alti 0-8 ol P) is decremehled in the mill by 
Biniullaneoiisly gating ^ and -1 to the mill where they are 
added. The deci emented eount is then restored to P and l"lit;3 
iH resot. 



Ill woi i.1 ii-; v.'iiUon In tlic destination addj etit; in C 
nt LS;< (for an aeciinuibitor). The orit^ir JiddroHu 
lented in tlie mill by I'l.US 1 and stn>]>,;(| to A and N 

FLA(f1 is rt-set. Lsr. is reloaded tioiii mill bitw 
111 is teriU^d and if i...! equal to zero (i.e. 1> / 0) lli- 
three beatt. (VH- VU) are rep- ide.l when P 0, VtnO jjs enleved 
Each loop conlaineil a hesitation break-point and a real linie 
interrupt break iioiiU 



11 6/12 6 (MOVE) INSTRUCT IONS ( VR- VW) 



FC32 

SHE ET 4 OF 7 



(EN-SAD) 
(ESIN-li) 
(HEAD) 

El-sa-x.1 

EUX'B 
(Et"AX-K) 
(PLUS I) 
EgC'ALL 
EtVAX-C 

Kqy.-c 

KESPL 
EM-LS:( 



KV1« 

Ft.AM, 

FENAKX 



(EI*A.|-K) 

(EAAg-L) 

(EAAC^L*) 

(EAlt-L) 

(LASX-L) 

(EAY-L) 

(EAZ-L) 

(ENAAQ- L) 

(ENAllX-L) 

(1;NAYZ-L) 

EQAZ-P 

(I'CHECK) 



EVVV 

EEC-SAD 
EED-SO 
ENKAbL 
EENKg K 



EC-SAD) 
(WHITE) 
(EB-SO) 

Ebs:t XI 
EBA/-X 

(ENAJ K) 

(i;NliX-K) 
(KNV/- K) 
(I'l.llSl) 
(EIM/-A) 

El^ltX- N 
lajY/- N 
Eg N 

EM LS;! 

I (SI !• ix;t 



MP 



2Eii-3/y;* 

2VA \:i/\GZ 

2EP.>:ti/<M 

3EI1:1M/K7 

3 El 0:1 0/07 

.•ID2-J:H/I0!i 

3EI7:l»/nr. 

3E17:i:i/Hr> 

3E17:lt»/WI. 

;;n7:«/':ni 
aEin.t it! 



;tE;»2 iH 70 
;iE3:i:J0 in; 



•AKH.A/GO 

3F33;2f)/72 

3F3:j;2;i/72 

3F3a:21/7'2 

3F33 7/72 

3F33:5/72 

3F3;J:.3/72 

aCH:7/I67 

;n)31:5/73 

3D31 2r, '73 

3D15:]7/1!2 



2B3:lB/a 
2FG:lH/y:l 

2F7:17/10O 
3F8-7/G1 
Pane 01 



;)CN:K IdV 
ZVA.ii/[l.:' 
ME2i :?) "r;> 
2Ei;t G.ftI 

'.r,:H/'.iH 

;n)H:2:) ''(ii 

:d)K..2:i/f;i 

:tl)H:17/01 

:U):M:)i..'l<i;. 

'^^■2<l:L:.■i,••ht 

3 El ;l!.-'n;i 

:;Ei:7A.'. . 
J Kt. ■)(;>.:; 
;)Ki -.H/Hii 
3Ei'.i:;i/:n 



:((•; 



lu/15 



iAiV;r./-, 

;iAM;22/a!) 



CONDITlON.^> 



HXO!»v(SIIXOJ*& 
K < 8) 



FL(*.3 
RF.'SFl. 



UOKLE K C:PH 
EXEC 



HXOP 
FLGl 



I'u «, iin *: un 



Read current 
instruction addrotis 
from store location 
10. 



Increment instruction 
address and strobe to 
C. Reset INTMOVF 
and FLAGl bistablcs 
anil dear carry. 



f DIK J «i — <^ PFAIL ^^ 



Kxit for 126 InstrMclion. 



Read word n from store 
(or an accumulator) to 
register B. Decrement 
count and return it to P 
Reset HXOP if LS3 - 7. 







Strobe oiio character from B to A. 



Increment character 
all(irei^.s and strol>e to B. 




1904AMKIt 
1904S1903T 




VR L2 



N -->&! 
UKAD 
(HXOP 

SJEXOPS; 

K < B) 

V 

I.S3 -:= XJ 



IIXOP 

(if LS3 7 
0-5FIX;:> 

Q -> P 
X ->B i( 
LS3 ->XJ 



H LI 




N ■■ i- K 
h'AC. 



1 »— f RTI j 



COMMENTS 



XTtlO: The current instructloa address (and overflow) are 
retrieved from store location 10 and read to B. 



V27: The instruction address read in VRlO ie incremented 
and strobed to C, the INTMOVE and FI^.l bistablcs being 
reset (if not already reset). Carry Is cleared and exit i» 
made from the 126 sequence to the Instruction Phase for the 
next ordt^r. 



VR: For the 116 instruction, the word n is read to B from the 
address held in N (or LS3). The count (in P ) is 
decremented and HXOP reset if LS3 - 7, (i.e." if the origin 
address is not held in an accumulator). The Fr^AG2 bistat>le 
is reset. 



V18: The character of the origin word read in VU (as 



V19: Ch;ti :i.'<er addrt.ssti is increnK'nl.d :ind stiobcd lu B t 
tlial the next most sit;nificanl charmlrt position will br 
.selected in V22. 



116/1 26 (MOVE) rNSTRUCTIONS 
(VR10-E0I/V19) 



FC32 

SHEET50F7 



VRIQ^ 



iLQmi 



(FSADIO) 
FRCKl 
FHCM.3 
(RKAD) 
(ESIN B) 



EV27 
ESC 22 
GBKALI, 



(EBA.J K) 

(KBKM K) 

(KBNP'K) 

(EBQ K) 

(KBIl.\-K) 

(EHV/-K) 

(PI/LS 

(SC22) 

CCY 

EQAX t ■ 

EQZ-C 

RSTKUli 

(PCHKCK) 

EOI 



(EN -SAD) 

(HEAD) 
(ESIJS B) 

Ei,s;*-x,) 

EHX B 
(K1'A,I K) 
(EAAQ L) 
(EAAg-L*) 
(EAH-L) 
(EASX 1,) 
(EAY L) 
(EA/ L) 
(ENAA(^ 1.) 
(ENAIIX ),) 
(KNAV/ I,) 
I'XJA'/ I*) 

i:t;h.i K 



(KiU K) 

i-;qa/ a 



i-:\ 111 
i'.i:wi;'7 K 



^) 

K) 



(l.NA.I K] 
(KNi.',' K) 

(isNir 
(ENV; 

(«':'^:') 

EgA.i ii 
e(;km-m 

EQNQ 1\ 
EQH/-B 
EQ B 

EV20 

:;('KAi,i, 



2F10:9/!1L' 

2r3:.Vnr, 

2E3:(i/lir, 
2E'l: 12/1(12 
{ilM.L'l/21H 



:(UiH:12/2!i 
3E'1:2(,/;).M 
3F(i:2 1/(12 



;H-'7:2ti/(12 

3F7: 2-1/(12 

3l-:7:2/(.2 

3F?:2.'l/(.:' 

3 EV. 4/(12 

3K7:2i>/(>2 

31>24:H/l(l!l 

31)3:22/] 11! 

3EI2:1H/'J<J 

3E17:l2/«.-, 

3El7:16/aO 

3C3J:]()/1,5U 

3D15:I7/112 

2A16;]5/41 



2E 11:3/1)3 

2E4:]2/l<;2 

6D4:2l/248 

2F19:6/yi 

3E) 4: 18/87 

3Ey;3/ti'i 

3E33:2r>/7- 

3F 33: 23/7 2 

3K33:2l/V2 

3F33:7/V:' 

3 K 33:5//;' 

3C14;7/l<,. 

3i);ii:r,/v;t 

3D;n.2:'./.3 
31''3:]rt/h) 



3in: 



-/l-: 



3K-1:I7/;., 
;it'2;»:23/Ml 

2Al I: ;)/:>! 
3 F 8- 7/(1-1 
I-njir (A 
lii:'\/:i:./'.r: 



3l>8:2,Vt;i 
3Db:^3/(. 1 
3f)8: 17/(.J 
31)8; jn/i;-! 
JF2.'i:2/i}() 
tl)l 3: Zd/V!) 
3113:22/ J 12 
3D13:LM/7il 
iDI3:2L!/7;) 
31)J 3:24/7:) 
3:23/7!) 
3Di3:i:V7;i 

2B13:Ih/:-;. 



CONDITIONS 



BXOPv(SHXrjp 
& K < 8) 



^llXOl'^ SllXOi 
& K < 8 























COMMENTS 




MP 


CONDITIONS 
















\siieet/ 


V 




(ECAX-K) 


3E1 0:1 0/67 




Y 






(ECY-K) 


3FlO:2ri/i57 










(ECZ-K) 


3F1 0:1 9^67 








1 ._. 




V20: The destination address in C is gatwl via the mill 
(setting LS3) to N. 


EQAQ-N 
EQHX-N 
EQVZ-N 


3El:2/83 
3El:7/83 
3E1:I6 H;1 






V20[ LI 




C > K 


Gate destination address to N and copy Its 








EQ-N 


3El:W/83 




1. 8. 3 bits to LS3. 


"m-^lsI 






EM- 1-S3 


3E19:3/yi 


_ _ - - - ^ 




Q — >N 


















EV21 


3Bl4:26/2(; 










EESIN-U 


2 El 7:2/94 


FLGl 






V21 : A read/pause (or accumulator) cycle Is initiated 


GBKAl-L 


3F6:2I/GI 








and the origin address In B is strobed to C. leaving the 
former register clear for the word from the destination 
address. 










V21 1 Li 










N— J»SJ 


V2I 




" 


Ruad store (or accuznuJator) at address held 


READ/P 
(FLGl) 

V 


















In N (MLS3) and store this origin address to 






(EN-SAD) 


ZEl 1:3/93 


FLGl 


c. 


LS3-^XJ 






(READ) 


2E4:12/ie2 






(FLGl) 






(ESIN-B) 


6D4 :21 /284 


flg7 




B — i>K 






(PAUSE) 
EIA1-X.I 


2E10:7/M3 
3F19:G/91 


FU;! 










EllX-B 


3F14 :i 8/87 






Q-*C 






(EBAJ-K) 


31-7 :2C/(»2 






X-*B 






(EBICM-K) 


31:21 :15/«i2 






(FLGl) 






(EBNI'-K) 

(EBtJ-K) 


3F7:2l/62 
3F7:23/62 




■ 














(EBRX~K) 


3fc'7:4/62 












V22: The character placed in A In V18 is fanned ont«i 
the Q highway and is then strobed into one character 


<EBYZ-K) 
EQCAI.L 
EQAX-C 
KQZ-C 


3I'7:25/G2 
3F17:2/8r> 
3E17:l2/85 
3 El 7: Hi /SS 




Gate on character to B 


V22| I J 




A-^ L 




FANQ 




position of B. 








Q I^dI ' 


EV22 


3nJ4;2r./:i7 






< 




GALALL 
V22 


3D30;.!/70 








J 








r A 


^ 


^ \ 


"> 


(KAAQ-L) 


3 K;» 3 :;'.;)/? J 




( DIE h-^m — <r 


PFAI L 


V y ^^ ^ 




(1';aa(^-l*> 


3F;i;t:2:i/7 2 








(KAH-L) 


31-33:21/72 










(KASX-I,) 


:m-:\:^:7 /72 










(EAV-L) 


:\FXi :')/'? :' 










(EAZ-L) 


3F3;i:3/'VL' 




Write the character weloctod in V22 
to store (or to an acciuiiulator). 


vui] 


Ll 




V23; The character copied into B in V22 is writlcn to 
store (or to an accumulator). The destimUion addrt'SK 
in N22 - 23 is incremented and strobed to B. /Jag 1 is 


EMI AN 

E(^n,l 

(I'CMIX'K) 


3F;^h:IV/l07 
3l':iK:l;)/.s<) 
31>I;.:IV/1 12 




N — 
Wili 


fSJ 


Increment destination address and 


(FLU!) 




reset if LS3 - 7 . 


EVli'A 


2A13;H/0 
2Fy;17/J0(i 




strobe to D. fU^set Flag 1 if LSa 7. 


lisA -i- X,J 






KKIi-SC) 


FU;i 




{FI,01) 






F'lNKAIJ. 


3lrt:7/(>] 






N - -> K 






KSC22 


3lvl:2rj/<)K 






KAC 






V2;< 





- 




--.■_-:, - - 






(EN- SAD) 


21.1 ) ;:i''!t3 1 






j-i i,(;i 

a I.s:. 7 






(WliiTK) 


2VA-A>/\iV^ ■ 


FLGl 








(KJi-SO) 


3F.'I :<;/Vij 






H - ?- .X 






Kl,S:i-X,) 


;u ('i:C.,''ji 1 

3i'-;,:8/!)f) J 






( r 1 ,(.; 1 ) 






i:nAZ-x 


Fu;i 




(^-. =^ ji 






(KNA,)-K) 


.;)i)h:<;:./ui 






-.-. .-.- 






(l;iVK(^K) 


•M)^:2:i/G} 










(KNiiX-K) 


:\i)H:n/M 










(F,NY/-K) 


31)^:10/01 










(1 i^2) 


:il?h-.?,/i)i^ 






}:m 


M 




V24: Jfur origin addrc.ss (in C) iy gated vi;. the milt. 


(KAC) 


3i>i;!:IC/V'J 






(] ., j., 




selling LSH, lo A and N. 


(St:-,:i) 


3l);i::'i^/i i:> 












ixiliii^ 


2D!7:7/. h 




Gate orijjin adtlrc^^. tu N and A and 


g • > N, A 






KQAJ^M 


3lJ!.'V;?l ./7i» 




load I.S.I, 


^] -~.> J ,s;i 






T:Qt: M \\ 


;i\>\:<:\'.^/7^j 








— ~- ' 




FXiKQ-i\ 


31)IH::')/79 










K(Jfi/-B 


3ln;i:23/7tt 










i;(^-J4 


3l)l;t;l!j/7!> 




Vsiu'ilV 




H.s 1 !• n; 1 


3C;j| :V) /!:>() 




V 




KV2.1 


3H1 6 :H)/2H 








V24 


3 1-; 1(1:10/07 




(ECAX-K) 








(iXV K) 


3F)0:2r»/b7 








iECZ-K) 


31IO:10/fi7 








KQAQ-N 


3K1:2/H3 








l:(?HX-N 


3K1:7/B3 






. ■ 


KQYZ-N 


3J;i :16/b3 






. 


E^^N 


3r-;i:8/8:< 








i:qa/-a 


3F29:23/81 








EM- us;* 


3Fi;):3/91 








EV25 


3B17: 21/29 
;}FG:2J/(i] 




GBKALL 


ISSUE i ^ 






















1 Nov. 72 






















ICL 


1904A MKir 
1904S.1903T 


116/126 (MOVE) INSTRUCTIONS (V20 - V24) 


FC32 

SHEET60F7 



Gate destination addreaa to C and 
return to VR (sheet 5), 



Gate datum to A register. 



Subtract datum from destination 
address (In C) and strobe the absolute 
address to B. 



Read (dumped) current instruction 
address from store locaticm 10. r -rap 
absolute adaress formed in V29 to X + 1. 



Increment current insti-uction address and 
strobe to C. Reset HXOP, FLAGl and 
INITVIOVE (PM) bisUables. 




Transfer final origin (pluf 
adifress to B. 



W) 



Exit to In.strut lion I'haso. 



ISSUE 



IGL 



JNov. 1 



1904A MK n 
1904S.1903T 




V29 U 



C — »K 
A — > L 
PLUSl 
SC22 



Q- 



>D 



10-* SAD 
RtAD 




Q-*. C 
-i> HXOP 
0->FU^,l 
Q-»1NT- 
MOVi:(PM] 








V:J»8[ 


.'■•J 


N- >K 
A ;. I. 


I'l.liS ] 


■sc: 2'^ 


Q-o 11 


1 — -. - 


J 



COMMENTS 



V26: The destination address (together with its incremented 
character address) Is strobed from B to C, The loop is 
then recycled by entry to VR (sheet 5) until P -^ or FLGl is 
reset. 



V26: The datum is copied Into the A rosier for 
subtraction in the next beat. 

V29: The absolute destination address is formed by gating 
the inverse of the datum (A) to the mill altwig wltli the 
datumised address and PLUS 1. The result of the sub- 
traction is placed in register B. 



VRIO: The current instruction address is read from its 
dump location in store location 1 0. During this read tstore 
cycle, the absolute address formed in V29 is dump«i to X + 1 



V27: The current instruction address (in B from VlilO) is 
incremented and placed in C, IIXOP, FLGl and IN'i■^K)Vl; 
(if PM)are all reset. 



V28: Tht' N register now contains the last origin atUhf.ss 
t V4 ^ i.e. what would hnve boon the next oritfin address if 
the tntnsfer has been one word longer. Tlie datum (in A (rum 
V2G) is Kubtiactod from the datunitiifKl addrest; to give the 
absolute a<i(.lj<;;jS wljith is strobed to accumulator X in the 
ni'Xt Iiu^lnntiun Phase, 



116/126 (MOVE) INSTRUCTIONS 
(V25 - EOl) 



FC32 

SHEFT?Or7 



(EHA.I- K) 

(EBKM-K) 

(EBNP-K) 

(EBC^K) 

(EHUX-K) 

(EBY/--K) 

EQCAI.L 

EQAX-C 

EQZ-C 



EVH 

EV2(i 
GDI- A 
EESJN-li 



V26 

ECY-K 
(E1KI.:1) 
(EI>-L:2) 
EQAZ-A 

EV2y 
FLAX 
ESC22 



(FSAI)IO) 
(ESIN-b) 
(READ) 
EHA/-X* 



EV27 

GHKAI.I. 

ESC'22 



(KHAJ-K) 

(EBKM-K) 

(KBNP-K) 

(EBQ-K) 

(EHRX-K) 

(EBY/.-K) 

(PFAKS I ) 

(SC2i?) 

CCY 

i:qax (' 
KQ/c; 

KSTFLC 1 
KNKALL 

k"nalai;i/ 

KENAHN f 



(|:naj K) 
(I'iNKQ- K) 
{1:NUX K) 

(i:nv/- K) 
(i;naai^ I,) 

(KNAKX- I.) 

(i;nay/ 1.) 

(PLUS !) 
(SC22; 
KQA,< It 
EQKM 1! 

EQNC^ H 

V;qu/-h 

KOI 



V29 



(EC AX K) 
(ECY K) 
(E<;/ K) 

(KaAQ J.) 
(EAAQ-L*) 
(EA1}-L) 
(LA.SX- L) 

(P1-T!S1) 

iXjM iP 
i^Q>..^ B 
KQK\I-n 
EQNV^ It 
EQU/ jV 
Kii V. 

i:vnio 
i:i:.Si.N-B 



MP. 



:iF7:2G/(;:i 
3F7;24/62 
3E7:2/62 
3F7:2n/62 
•.\El:4/6'2 
3F7:25/62 
3 Fl 7:2/85 
3 Fl 7:12/85 
3 El 7:1 6 /HP) 



2AI7:r>/7 

3A23:2I /37 
3F3J:IH/7I 
2E17::i/f»7 



3F10::':) '(iV 

ni;2irn.'"j/7r* 

3i;2 1:22/71. 

3F29:2:!/M 

3D29:2,j/113 
3E4:2r)/l»8 



2Fl():9/n2 
61)4:21/248 

2t:4:12/u;2 

2F2r):C/fMi 



3Bl8:l2/i") 
31-^6:21 /Gl 
3f'>l:2r»/!tH 



3F7:2G/(ii; 
3F7:24/IW 
3K7:2/6:^ 
3F7:23/U:' 

31';7:7/G:^ 
3F7:2r./(;:' 
31)24:8/1 0!t 
31)3:22/1 \?- 

3FI2:;n/li;i 
3K17:r^/H.O 
3i;i7:lG/H.S 
aC.'il :1 ()/);'.( 

2('l l:!V/)3 
31v] :2r.A),-i 
3KH:7/<i-l 
3l>;)i :7/7;t 
3I';:t3:20/]0' 



31)K;X:i 
31)^:17 
3i)M:l(i 
3t ll:V 
.'11)31 :.^ 
;!lt.H:L^i 
31)27:8 
3lJ3 :22 
31)13:2 
31)1^:2: 
.31)13:2 
3hl3:2 
31)18:1 
2 A t G ; I 



1 /7i.) 
2/79 
1 /79 
3/7!. 
/Vi) 
Mi 



3KI0:10/GV 
3F10;25/G7 
3F10:19/GV 
3F33:25/72 
3F33:23/72 
3 F3 3:2 1/7 2 
3F33:7/72 
3D24 :H/]W 
;H)3:22/) 12 
21)17:7/7 8 
'D13:2I/V<) 
(I)l;j:22 "/U 
3f)l 3:21 7:1 
:U)I3:23 'Vii 
3))l3:l;'j/V!( 

3A1 4:22/39 
2 El 7:2/91 



CONDITIONS 



mu& mi & 

(P V F1X12) 
P-0 V V]jr.2 
EV2G 

EVii & nxbi' 



Read premodifier to B and 
Increment Inetruction 
address. 



N-»SAD 
READ 



: ^US 1 
M H>Q 



Q^C 



FC52/1 



0- 





Trmisfer pi-fmodific 
to A, B ami P. 



]4 

SEK 



ii — >A,U,]^ 



C-i) 



0-21 

M ^>Q 



GD~ 



Exit from iiiBtruotitm. 




ISSUE 



I Nov. 72] 



ICL 



1904AMKn 
1904S,1903T 



COMMENTS 



Relevant signals active in previous beat: 
GPA, EVH, EVl, EESIN-B, 1117. 



VR.VI: The premodifier (n), which may be 15 or 22 bits, 
depending on the current store mode, is read to B from 
store. The current instruction address is incremented in 
the mill (PLUS 1 forces data flow CYBO) and restored to 
C {bits 0-21). 



Ill CSM the premod. is 15-bitB (in Bo^i4) and must 
be exijanded to 22 bits by extending the sign bit 
(814) the required number of places (SEK). This is 
accomplished when the premod. is gated onlfi K, as 



The 22-bit preniodilier in ESM i8 transfern 
directly to the A, Ii and V registers. 



EOI: The A Ijistable its set (ASTAT) to ensure thai the seeond 
of two siii eesHive ] 17 inyliiiclions goes illegal. An 
involuntary entry to Excicutive its then made (via the iiiteirupl 
sequence} at COOP if thi; lu-xt inbtruodoii is a 117, 



117 (PREMODIFY) INSTRUCTION 



FC33 

SHEET tor t 



(EN-SAD) 

(ESIN-B) 

(READ) 

(ECAX-K) 

(PLUSl) 

E1.S3-XJ 

EM-Q 

EQAX-C 

EHX-B 

RESKL 



EVl 
VI 



(PC HECK) 

EBAJ-K 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(SEK) 

PFAJL 

DIE 

EM-Q 

EQAZ-A 

EQ-B 

EQAJ-B 

EQKM-B 

EQNQ-B 

EQHZ-B 

EQAZ-P 

EOI 



MP 



2 El 1:3/93 
6D4:21/248 
2E4:12/162 
3E1 0:1 0/67 
3D24 ;8/l 09 

3 Fl 9:6/91 
3C14:2.V107 
3 El 7. -12/85 
3FH;18/87 
207 :6/32 



3A16:12/8 
3B28:21/52 



3D15:17/) l:^ 

3F7:26/62 

3F7:24/62 

3E7;2/62 

3F7:23/62 

3E7:4/62 

3E23:6/111 

6A6:21/21 

31133:25/44 

3C 14:2.1/1 07 

3F29:23/H1 

3D1 3:1 5/79 

3013:21/79 

3D1 3:22/7 9 

3013:24/79 

3013:23/79 

3F3:18/^*4 

2A10:15/41 



CONDITIONS 



HXOP 



RESFL 

HXOP 

DORL F. CPR. 
EXEC 

resFl 

EVl 



CSM 

CSM.HB14* 
PGEN - RB24 
PFAI L. PCHECK 
INHPFL. 



Gate operHnds to mill 
and perfor-m logical 
oi>eration. 



IncrtMUonl indt ruction 
uddrt'ss. 




issnr 



ICL 



1904AMKir 
1904S1903T 



COMMENTS 



Also active at ^ntry will be: 

GPD, EVl, 1120-2 or 1125, GBKALL, GALALL, (1125), EOU 
BAND ENKQV. and LITEIUL. ^ 



VI: As these instructiona are literals, the operand N will be 
in B from the Instruction Phase and A will hold x. N and x 
are gated to the mill for a logical AND, OR, or 
NONEQUIVALENCE operation and the result is strobed to 
roisters A, B and P. For the 125, the ZS bistable is set 
from QO in normal mode and the G register (bits 3-5) is loaded 
Carry is cleared in both cases. 



VI: T!u; inBtructlon address is increnicii(ed by one and 
return ud to C, 



EOI: In beat VU of the Int;lruction Phas( , 11k 
written to .'icoumulalor X. 



120J21,122 & 125 INSTRUCTIONS ( GOOP- EOI J 
ALSO Fns 123, 175E ,176E . 



FC34 

SUff T 1 OF 1 



^TCNAj. 



(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EBYZ-K) 

(EAAQ-L) 

(EAAQ-L)- 

(EAAQ-r/) 

(EAR-L) 

(EASX-1,) 

(EAY-L) 

(EA'/-U 

(ANIJ) 

(OR) 

(NKtiV) 

{/S) 

EOFC 

CCY 

EQAZ-A 

EQAZ-P 



EQNQ-H 
EQH/.-Ti 
EQ-R 



(PXAX-X) 
(I'LUK 1} 
EQAX-C 
KOI 



M.P. 



3F7:26/62 

3I''7:24/62 

3E7:2/62 

3F7:23/62 

3*^7:4/62 

3K7:25/C2 

3F33;25/72 

3F33:23/72 

3F33:23/72 

3F33:21/72 

3 F3 3:7/7 2 

3F33:5/72 

3F33:3/72 

3 KZl :G/75 

303:11/112 

3F21 :l2/75 

2CG:23/153 

3F 16:12/80 

3F12:lrt/9t» 

3F29:23/H! 

3r3:lt3/«4 



3013: 
3013: 
3013; 
3U13: 
31)13: 



;21/79 
22/79 
: 24/79 
; 22/79 
:15/79 



3E10 
3D 24 
3 El 7 
2A16 



10/G7 

:8/l09 
:12/Hri 

irj/'it 



CONDJTIONS 



CFO 
CFl 
CV2 
1 125 
1125 «r FXKC 



Gate count to A, bits 1-9. 



Gate count t« A, bits 2-10 



Gate count to B. bits 3-11 and 
force character count to 3. 



Gate character 3 of B to A and 
decremont count to 2. 



Gate character 2 of B to P ami 
decrement count lo 1. 



fiale bits fj of A to character 1 of B and 
dci remc nt count to 0. 



Gate bita 0-5 of V to character of B. 



Increment instr 
to C, 



t'tioii address and rotuin 



ISSUt 



ICL 



1 1*^ 1 



1904A MKH 
1904S1903T 




P "> K 

FA Nt^ 



C -^K 

PLirs 1 

CCY 



COMMENTS 



AIbo active at entry will be 112-1 and KViO, 



VIO; The count (x^) is in N (bita to 8) from the instruction 
Phase and is shifted one place left into A, bits 1 to 9. 



Vll: The count is again shifted one place left and reuirned 
to A. bits 2 to 10, 



A hesitation brfak-point is now allowed. 



V12: A third shift loft of one place occurs putting the count 
in B, bits 3 to IJ . The character registers NCH (bits 22 & 23 
of N) is forced to 3. 



V13: The 1. s. character (3) of B (bits 0-5) is placed in the 
1. s. 6 bits of A and NCH again decremented by 1. 



V14: Character 2 of B (bits 6-11) is placed in the 1. s. li bits 
of P and NCH again decremented by 1. 



V15: li is cleared to ensure that bitw 0-14 (x ) will be zero. 



V16: Couiil bits 0-2 are now in bits 3 5 of A. BitK 5 of A 
arc thert'fore slnjl)(.-d to character 1 of B. This pulfc. count 
bits 0-2 in B]5-]7. NCH is decremented to zero. 



V17: Count bits 3-8 (in P ) are fanned to Q and slroljcd to 
character position (bits 1&-23) of B. At this time, B ,^ 



VI: The instruction address is incremented by 1 and returned 
to C. 



The content of register B is strobed to accumulator X jn VQ 
of the Instruction Phase. 



124 INSTRUCTION (gOOP-EOI) 



FC35 

SHEET 1 OF 1 . 



(ENA.J-K) 

SHL 

ECJA/-A 

GALAM, 

Evn 



(KAAQ-IO 

(EAAQ-I/) 

(EAR-L) 

(EASX- L) 

(EAY- L) 

(EA7-L) 

SUL 

EQAZ-A 

HESBKPT 

EVH2 
EV12 
GAl^M. 



(EAAQ-l.) 

(EAAQ-l.*) 

(EAK-L) 

(EASX-I,) 

(EAY-L) 

(1:A/- !,) 

SHL 

EQAJ-B 

EQKJM-B 

EQNg 11 

EQUZ-B 

EQ-B 

FNJ:t 

KKBJ-K 

KV13 



(lilU K) 

K(/A'/- A 

C'1N,I 

i-;v Ji 



(KB,i K) 
KQA/-1- 

C'lN.I 



ixiA.y B 
m^KAi li 






CAI.A 



VUi 

(i-;AAv-r) 

(KAAg-L*) 
(I'.AU-l.) 
(KASX-L) 
(f'lAY-I.) 
(KA/- I,) 
EM KAN 
Eti?-ll.l 
CTN.l 

Ei'K\l,l, 



VI 7 

(EP.\J-K) 
(EPKQ-K) 
(EPHX-K) 
(EPYZ-K) 
EM FAN 



E\^ 




M.P 



;UD«:25/6J 

•JD33;8/102 

3F29:23/81 



3U 30; 3/70 
2A6;10/14 



3F33:2r»/72 

3F33:23/72 

3F33:2l/72 

3F33:7/72 

3F33:r>/72 

3F33:3/72 

3D33:8/)02 

3F2f»:2;j/Kl 

2B 15:25/4 7 

2C 14:1 3/45 
3BU:10/15 
;m30:3/70 



3K33:25/72 
3F33:2;t/72 
3K3;!:2l/72 
3F3:t;7/72 
;iF33;5/72 
3F:J3::*/72 
3033:8/102 
31)13:21/79 
31)13:22/79 
3D 12:1:4/79 
21)13:2.t/79 
31)13:15/79 
31118:5/1 10 

31)7:17/71 

2A18:5/Hi 



3K21:l7/75 
3K2y:2:V/>sl 
31)11:8/104 



;if;j:Ks/;si 
:;i)Ms mi 



:(l>K)::^(/79 

;»i)i;t:ii:j/V9 
3|)i:i-2;t/V'.t 

;iIli:i:lf>/7!) 

;ji):{0::!/vu 



;ii-';(:i:2;,.'72 
;;rM;<:2;*/72 
3F33:2l/7:;i 
3F33:7/72 
3F33:5/72 

;n'2s:r, tn? 

3KIM;1') 

3I>!.|:S 1 



31:9:3/66 

3E0:5/66 

3F9:5/(>ti 

3Fy:23/6t; 

3F28:l7/)07 

3E1 8:10/80 



3Ain;l?/8 



.'<i;i0:10/67 
31)24:8/109 
3E17:4/85 
3 Fl 2:1 8/99 
2A16:1&/41 



CONDITIONS 



HR& HES3 

EVH2 

EV12 



stride instruction 
address to P and 
read first word 
address (x*) to B. 



Clear Register A, 



FC.53 

Read word from store 
(or accumulator) and 
increment word address. 




Form sum in mill and 
placo in A and B. 
Decrt tni'nt count. 



Increment insitruct 
addv SR and return t 



ISSUE 



ICL 



1904AMKn 
1904S 1903T 



COMMENTS 



Also active at ontry will be: 

GCKALL, EVIO. FOV(ifRN23), EICKALL, MVF'tm (if OV 

set), 1127 and 1127 INT. 

VIO: VI in 27 is active only while EVl] is active (i.e. during 
VIO). 



VR: If the address is <8, an accumulator is read, otherwise 
a store location is accessed, 

EM-LS3 loads Register LS3 from the mill (bits 0-2) to give 
the accumulator address (if needed). 



If HTl iK aclive, it will jrhibit certain types of hesilntii 
request . 



IIESLSKPT is also active at c\it and hesitations are allowofi 
If there are more (or after they have been serviced), the 
Instruction Phase is entered, at EOI. 



127 INSTRUCTION (gOOP-EOI) 



FC36 

SHEET 1 0f 1 



VIO 



'Signal 



(ECAX-K) 
(ECV-K) 
(ErX-K) 
EQA/-J' 
KIIX^ IV 

Evn 

Vlill27 
EEllKM-K 
U IJI^ 



V12 



EQAZ-A 
iIXt)P 

EVU 

EKt'-SA!) 
CUKAM, 
EESIN- U 



VI 1 



(KHA.I K) 

(KHKM-K) 

(EHNP-K) 

(EHQ-K) 

(EMItX-K) 

(KBY/, K) 

(El>-L:l) 

(El)-L:2) 

EQA/.-C- 

SIIXOI' 
EV12 

(EC -SAD) 

(RKAD) 

(ESINB) 

KESl' L 

EIV1KS;J 

Kl.s;j-X,) 

EIJX- FS 

(ECAX-K) 

(Ei'V-K) 

(EC/-K) 

(Pt,l!S 1) 
IX/CAIJ, 
VMAX { 
EQ/ (' 
(llXt)l') . 

E\j;i 

(lAl All. 

(IHKAl.l, 

l^l;liK^^ K 

y.v.n 

(I't ni;<i ) 

(KAA\> 1.) 
(I'AAti L') 
(KAUl.) 
(KASX 1,) 
(KAV L) 
(I'A/ [,} 
(KliA.)^K) 
{i,UKi\l-K} 
^I;!1NI'-K) 
(KHg K) 
()'.flH\-)xJ 

(i:tiN/ i;) 

N.Slili 
EgA/ A 

w^Ai n 

E'./iM\| 11 

KQH/ 11 
K^.^ li 

El'KAI.L 

Eric::i:i 
EVl 4 
IIESIIKP'I 
EVI{ 



VI 4 _ 

(EPAJ-K) 

(El'KQ-K) 

(EPRX-K) 

(EPYZ-K) 

(PLUS 1) 

(SC22) 

EQCALE 

EOAX-C 

F^Z-C 

c ; 

Ef( 



MP 



3E10:lO/<i7 
3Fli);2r)/(;7 
3F10:Jil/(;7 
3F3: 18/81 
3FIH:it;/8i> 

2AUt1<;/1'1 
Sheet 74 
Shuot (12 
3E3I: 18/74 



3F29:23/81 
3C26:23/1(J0 

2A 17 :;./', 
2Kt>:lH/l)^ 

siici't (r; 

2KI7;2/iM 



aFV:J(./<,J 
3F7:24/G2 
aE7:2/(i2 

:(K7:4/(;:> 

:(l-'7;2r)/lii: 

;u.:i:2:>/v;, 
3E:M::^lVv5 
Sheet HU 

;iEi;>:i/;ii 

2KIT:21/!j4 
31411:10/15 



3C14rb/ti7 
2K4:12/1U2 
6134:21/248 
21)7:6/32 

yKlU:4/<)J 

.SKIii:(i/!)l 

;U';M:t)/b7 

;iEJ0:l()/Li7 

31'J0:2;V67 

31' 10: !!)/(. 7 

■M)24:ti/\iK) 

;;i'i7::i/hr. 

:JE17:l-:/Ht> 

3EI7:Hi/8r) 

;tr2tj:2:t/i() 

3l):Ui:.V,0 

;u-'(>::M/f.j 

HUvul (,2 
■A\v.'U:-M)/:\:\ 



ai)t.');r//iL> 

;ii';j;i:2:)/v;^ 

3 [''aa: 2 1/7 2 

31'33:V/7L' 
■M'3:W,j/72 
3l''33:3/72 

3i''7:l'.<./(;;^ 
3i'y:24/(r^ 
■{lv7:2/(.:' 
;it'V:2:j/<ii> 

:4i:7:4/(j2 

31-, :::.',/<-■.* 

31''2!J:23/Hl 
3i)l3:L-;i/<'J 
3iJi;<;2:'/(y 

;.ii)i;i::M/vi) 
3l>i:;:2,V'(i» 
3ijri:i.^)/v;) 

l\i-e 66 
3E4:-^ri/!>H 
L'A7;!)/1H 
2Uir):25/)V 
2 A 17:0/7 

2CI l:i:-:/l'i 

Ii<'l4:l3/jr, 

2A] 0:3/21 



3E0:3/66 

3E9:5/6G 

3E9:25/66 

3EU;23/6(; 

31>24; 8/109 

31>3:2/i/n2 

3K17:2/h;> 

3KI7:]:V8:i 

3i;i7:lG/Br. 

j:i:ib/'j!* 

Hi: 1.0/41 



CONDITIONS 



I EXEC lit i 



HXOP _ 
IX JRLl- & CPR 
& EXEC 



'HESFL 

M<8 
RTiSFE 

Ievih 
Hi;siL 



^EVH 

No-tj - 1 

N^_Q - i g^m 
ii nn 

HESIJKP'J & \m 
& HES3 
H E.SItK P'l &> im 

& iiEs:<_ 
RTi & m\ 



(1) 



UNLOAD (131 + 137) 



¥^ 




C^ 



FC52 
^OAD{130, 132- 136) 



(1) Read content of store 
location N to B. Strobe 
address N + 1 to N. 



(2) Transfer address N to 
register A 




COMMENTS 



Relevant signals active in previous beat: EVR mUSY), 
EVIDLE (BUSY), EESIN-B (EVR), ENKALL. EV30 (131 + X37) 



(1) If a group 13 instruction is givea in normal mode, and 
a hardware F. P. U. is not fitted the Instruction Is 
treated as an extracode. EV34 la forced ( for en try to 
the Interrupt sequence) by EXCD. GOOP. EXEC. 

Similarly, in Priority mode, EV34 Is forced under 
the same conditions 



Read content of address 
N + 1 to B. 1-ioad lu.s. 
FPA. 



C^ 



Load 1. s.- FPA and FPU 

F and X registers Inciement 

instruction address. 



VI L2 



C0-21->K 
PLUSl 
M— !>Q 
B— i>FPA* 




Exit frcuQ Inst rue tioQ 



ISSUE 



ICL 



1904AMKn 
1904SJ903T 



VIDLE: 

The address N is transferred to the A register since the N 
register is required if subsequent entry is made to the 
hesitation sequence. VIDLE is cycled repeateadly until 
either the F. P. U. Is free or a RTI occurs. 



VR 

A second 'READ' be«it is produced when RPT initiates EVR 
during the first 'READ' beat. RPT is reset (by r PT) at 
the end of the first 'READ' beat. Since LUFPUB is 
conditional on RPT, this ensures that the load FPU operation 
is not started until the beat following the reading from store 
of the first (in. s. ) word of the operand. 



VR 

LUFPUli (load upper F. P.U. buffer) produces the strobe 
in the F. P.U. which loads the m.s. part of the operand 
fiom the B register to the F. P.U. Input Buffer. 



V) 

l.LFPUB (load lower F. P. U. buffer) produces Uic strobe in 
the F, P. U. which loads the I. a. part of the operajid from 
the B register to the F. P. U. input buffer and starts the 
F. P. U, clock. 



GROUP 13 (FLOATING POINT LOAD & UNLOAD 
-MAIN MICROPROGRAM ONLY) 



FC37 

SHEET 10F 2 



(ENAJ-K) 

(ENKQ-K) 

(ENRX-K) 

(ENYZ-K) 

EM-Q 

EQAZ-A 

EVR 
VRIP 

EESIN-B 

ENKALL 
EVIDLE 



(ESIN-B) 

(EN-SAD) 

(READ) 

(ENAJ-K) 

(ENKQ-K) 

(ENRX-K) 

(ENYZ-K) 

(PLUS I ) 

EM-Q 

ELS3-XJ 

E HX-S 

EM-LS3 

LUFPUB 

EQ-N 



MP 



3D8:25/64 

3D8:23/64 

308:17/64 

3D8;10/64 

3C14:2.S/167 

Sheet 85 

2A1 7:5/7 
2AM :l9/5 



Shoot 64 
3 Al 2:2/40 



EQAQ-N 

EQRX-N 

EQYZ-N 

(PCHECK) 

PFAIL 

DIE 

RESFL 



EVR 

EESiN-B 



ENKAI.L 
EVl 



(PCIIKCK) 
(KCAX-K) 
(PLUS 1) 
I' KAIL 
1)1 K 

KM-Q 

LLFPUU 

KgAX-C 

CCY 

EOI 



6D4:2l/248 

2 El 1:3/93 
2E19:12/162 
3D8:25/64 
3D8:23/64 
3D8:17/64 
3D8: 10/64 
3D24 :8/l 09 
3C14;23/167 
3F1 9:6/91 
3El4:6/87 

3 El 9:4/91 
2E7:2/32 
3El:8/83 
3El:2/83 
3El:6/83 
3El:16/83 
3D15rl7/lI2 
6AG:2 1/214 
3B3.M:25/44 

21)7 :6/32 



2 Al 7:5/7 
2 El 7:2/94 



3F8:7/64 
aAUi:12/8 



CONDITIONS 



VRIP 

1 1302-0. Rl l. M. 
. FPUB USY 
EVR, ( HXOP. 

SHXOP. iTTs) 

EVR* EVIDIX 
VIDLE. 11302-6. 
FPUBUSY. RTI. 
HR 



3ni:.:17/U2 
3 K) 0:1 0/07 
3D24 :8/l 09 
GAG:'A\/?Al 

;m.'«;i :2r) /■} J 

3CH:2H/167 

2E7:;!2/;(2 

3EIV;I2/85 

3F12;18/99 

2AnKl5/ll 



HXOP 
HXOP 



(VRRPT) 
PGEN - RB24 
PCHECK. PFAIL 



INHPFL 

DORLF. CPR. 
EXEC 

RPT. RKSFI, 
EVIL 'IXOP. 



SHXOP. K < 8) 

1-:VR 

VH, RPT. RKSFL 



(VH. HP'l) 



PCJEN RH2 J 
I>CHECK, Pi-AH. 



VW. 
RESFL 



\Froni/ 

Sht. 1 

V 



Reservation check 
on N. From N + 1 



Uiilo.'id upper 
floating point 
unit buffer. 




Reservation check 
on N + 1. 
Form N. 



f INT j <^ RESFL^^ 



Write to store 
contents of upper 
F.P.U, buffer. 
Unload los^-er 
F.P.U. buffer 



Write to store 
contents of lower 
(l.s.) F.P.U. 
Iniffer. Increinait 
instruction addresii, 




ISSUE 



ICL 



1904AMK3I 
1904S 1903T 



COMMENTS 



V30 

A reservation check is carried out on the address In N, 
which Is the destination of the m. s. part of the double 
length operand to be received from the F. P.U. Iliis 
address is then incremented by 1 and returned to N. 



V31 



A reservation check is carried out on N + 1. This address 
is now decrera^ited by 1, again forming N, and returned 
to the N register. 



If a 131 instruction, the F.P.U, carries out its 'Floating 
to Fixed' conversion and on completion of this opernlion 
initiates "FPUIIDY". The instruction now re-enters the 
main micro-program and completes the final three beats of 
the sequence. 



VIDLE 
See Sheet 1 . 



The m. s. word of the dcHiblc length operand is, trauslorred 
from the F.P.U. (o the D register. 



VW. VI 

The store is addre.ssed from the N register, the m..s. word 
of the double length operand is written to store, the N 
register's eontentti ;ire inerenientt*! by I and tlu: l.s. word 
of the operand gated from the F. P. U. 



VW. VI 

The store is addrewacd from the N register and the l.s. 
woixl of the double length operaml written to store. The 
current insti-uctioi) address in increment od, cany is cleared 
and, if B2.3 is set (indieating exponent overflow), (he overflow 
bistable is force set. 



GROUP 13 (FLOATING POINT LOAD AND UNLOAD- 
MAIN MICROPROGRAM ONLY) 



FC37 

SHtET 2 OF 2 



(EN- SAD) 

(ENAJ-K) 

(ENKQ-K) 

(ENRX-K) 

(ENYZ~K) 

(PLUS 1) 

EM-Q 

EQ-N 



EQAQ-N 
EQHX-N 
EQYZ-N 
RESFI. 



EV31 
ENKALL 



V31 



(EN- SAD) 

(ENAJ-K) 

(ENKQ-^K) 

(ENRX-K) 

(ENYZ-K) 

(EAAQ-L) 

(EAR-L) 

(EASX- L) 

(EAY-L) 

(EAZ- L) 

(ENAAQ- L) 

(ENAY'/-L, 

(ENARX- L) 

EM-Q 

EQ-N _ 



EgAQ-N 
EQRX-N 
E QYZ-N 
EM-LS:t 
RESFL 



EVIDLK 
ENKAM, 



VlPl.i: 



(KNAJ-K) 
(ENKQ K) 
(ENHX-K) 
(FNY/ K) 
EM-Q 
EyA /- A 

FV-'Ci 



v:ji; 

KVW 
Ki:n KO 
ENKAM, 



EVW 

EFIi-SO 

EVl 



vA*\_vr 

(ENHAD) 

(EH-SO) 

(Wf'lTE) 

(F(. AX-K) 

EI -Q 

EQ^X-C 

FOV 

CCY 

EOl 



M.P. 



2 El 1:3/93 
3D8.25/64 
3D8. 23/6-1 
308:17/64 
3D8:10/G4 
3D24 :8/l 09 
3C14:23/167 
3El;8/8;j 
3E1 :2/83 

3 El :6/8.'J 
3El:l6/83 
2D7:6/32 



3B19:2/31 
Shoot 64 
2E32:6/76 
3E33:I9/102 



2E1 1:3/93 
3D8: 25/64 
3D8:23/C4 
3D8:17/C4 
3D8: 10/64 
3F33: 23/72 
3F33:21/72 
3F3:i:7/72 
3F33:r)/72 
3F33:3/72 
3CI4:7/J07 
3D31 :2&/73 
3D31 :5/7;i 
3CH:2.J/!67 
3EI :8/H3 
3Et:2/8;i 
3E1:G/S;j 
3E1: 16/83 
3E19:4/9I 
2D7 :ii/:i2 

Sheet 32 



3A12::V4 
Sheet 61 



3D8;25/C} 
308:23/61 
3D8: 17/61 
.•inn : 10/61 

;icii i;*/i67 

31':!!>::':t/HI 

Si«'<i SI 



' i;v 



/n:'. 



n;»:iH/:t 

I'7:t7/ni0 
heel 61 




'/.y.H::t/U:i 

•M,'A\ M/i'.> 
2I->J C/Jf/' 
3tI0:J0/f;7 
3Cl4;2:i/l67 
3E17:12/85 
3F2i.D/lOO 
3FJ?:18/99 
2A16;15/41 



CONDITIONS 



Sesfl 



DORLF. CPR. 
EXEC 



D(JUL F. Cl'K. 
j:XEC 

HESFL. (131 
FPURDY) 4 (];j7. 



FPUmiS Y) 
(131. FPUUn'Y) 
H (137. FPintSY) 
VlDLh' 



liH.Ufl, [(131. 
Fl'lliU))')* (137. 
FlHlnilSV)J 

m t. itii . [(131. 

FrnMiDY) H (137. 

Ki'lUillSY)] 

KWDKE 



UXOP 

nxoi' 



Head n to B, set 
count in P to 8. 




1) Test for 
n= -1. 



2) Test for 
n = 0. 



C 




(VIO) strobe n ^ x 
(150E) or - 1 
(151E) to B. 

(VW. VD Write n to 
store. 



(VW.VI) Write content 
of B to store, 
increment 
instruction 
address. 



(VI 1) 



(EOI) 



Decrement 
count and 
restore to P. 



Exit from 
instniotfon. 



ISSUE 



ICL 



VlO L2 



A -J- L 
A->>L(151) 
B->K{150) 
NEQV 
M -*Q 




J 



VW.VIL2 



N-?>SAD 
EB -* SO 
WRITE 



VI 1 L2 



P ->K 
A -* L 
A -^ 1. 
M -> Q 






t904A MKn 
19O4S1903T 



1 



COMMENTS 



Relevant signals acti ve In previous beat: 
EVR, EESIN-B (HXOP). 



VR: The operand n is read to B from store. The K 
highway is forced to 8 (FK3), and this constant is strobed 
to P as a loop count. The carry bi«table is cleared (CCY). 



V9: Operand n is gated to the mill for testing purposes. For 
150E the test is for n = -1, while for the 151E the test if for 
n = 0, Note the mill output will be zero if n = -1 (150E) or 
n = (151E). 



VIO: 160E: The operand n ^ x (x in A) is forced m the mill 
and strobed to B. 

15 IE; The integer -1, forced in the mill (A and A) is 
strobed to B. 

VW. VI: The content of B is written to store location N. The 
current instruction address is incremented (PLUS J) and 
restored to C . 

VW, VI: When n - -1 (150 E) or n j' (151E) this bcHl is 
entered instead of VIO, and operand n is returned to store. 

VI 1: The count in P is decremented in the mill, and the new 
value is tested prior to entry to the next beat. 

VI 1 is looped a total of 8 times, until the count is zero, al 
which stage the instruction is repeated from Vlt. 



150E,t5tE INSTRUCTIONS 



FC38 

SHEET lOf 1 



(EN-SAD) 

(ESIN-B) 

(READ) 

(PAUSE) 

(FK3) 

BLS3-XJ 

EHX-B 

EM-Q 

EQAZ-P 

CCY . 

EV9 

GBKALL 

PNBAZ-K 



V9 



(PCHECK) 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBltX-K) 

(EBYZ-K) 

(ENBAZ~K) 

PFAIL 

DIE 

EVIO 

GALALL 

ENAU^LL 

EENAUXL 

GBKALL 

ENEQV 

EVW 

EEB-SO 



VIO 



(EAAQ-L) 

(EAlt-L) 

(EASX-L) 

(EAY-L) 

(EAZ-L) 

(ENAAQ- L) 

(ENAHX-L) 

(ENAYZ-L) 

(EllA,! K) 

(EWKM K) 

(I'JBNl* K) 

(EBQ-K) 

(EBllX K) 

(KBYZ-K) 

(NEQV) 

EM-Q 

LX^-B 

fXiAj li 

KQKM-n 

E<iNQ-n 

EQHZn 

KVW 

EEIJ-SO 

EVI 

VW.VI 

(EN-SAD) 
(KB SO) 
(WKITi;) 
(ECAX K) 
(PLUS 1) 
Kl.sa X.I 
KHAZ-X 
EM-Q 
tX)AX-C 
EOI 



VW.VI 



(EN -SAD) 

(EB-SO) 

(WHlrE) 

EVll 
EPKALL 

kijCll 

KENAltXL 



Vll 



MP 



2E 11:3/93 

6D4:2l/248 

2 E 14: 12/162 

2EiO:6/276 

3D5:22/68 

3F19:ei/91 

3E14:6/87 

3014:23/167 

3F3: 18/84 

SFlii: 18/99 

2A4:9/12 
3F6:21/81 
2F 17: 24/94 



3D15;17/112 

3F7: 26/02 

3F7;24/e;2 

3E7:2/62 

3F7: 23/62 

3E7:4/G2 

3F7: 20/62 

309:9/112 

6AG:21/214 

31*33:25/44 

2A5:9/13 

3D30:3/70 

3D31:7/93 

3E33: 19/102 

3F6:21/61 

31)20:17/2 

2B3:18/3 

2F7:17/106 



3F33: 25/72 

3F33;2l/72 

3F33:7/72 

3Fy;}:5/72 

3Ky3:3/72 

3014:7/167 

3D31 10/73 

31)31: :ii/73 

3K7:2H/62 

3K7:24/62 

3i;7:2/6i; 

31-'7:2;*/62 

3E7:4/(i2 

3F7: 25/02 

3E21: 12/75 

3Cl9:2.Vl()7 

31)13: jr>/7a 

31)i;*::>l/79 

yiH 3:22/79 

31)13:24/79 

3013:23/79 

2B2:l8/3 
2 K7: 17/106 
3A 16: 12/8 



2Kil;:t/y:t 

3K2I:;)/V5 

2lvl:6/)U2 

3E 10:10/67 

;n):M:8/lU!» 

;iKlU:6/91 

3F25:H/;»0 

3cn4::'3/lt)7 

;U:i7:l2/H.'i 

2A16: 15/1} 



2Eii.:</;t3 

31:21:9/75 
21:4:6/102 

2A6:16/I4 
Pagi- 66 
2E32:6/V6 
31:3^:19/102 



3K;ia:2;>/72 

3^33:21/72 

3F3y:7/72 

3 F 33: 5/7 2 

3F33::i/72 

3C J 4:7/ 107 

31X41:5/73 

31>:tl:2.'i/73 

3E9:3/(.6 

3E9;5/6t 

:iK9;2^/<.0 

3F9;X:0.f. 

3('I4 ,''i/i'.V 

3K3:lfi/t'.l 

2A 1 7 ••'.// 
2K1V:-/1'1 
2A»;J'.;/I4 
Patje 66 
?!::.V:^6/76 
3fc3:i: 19/102 



CONDITIONS 



HXOP 
HXOP 



I151-4E 
1150E 



PNBAZ-K 
1>GEN y RB24 
PCHECK. PFAIi 



INHPFL 

(I150E. HM-^0) H 

(U51E.HM-0) 

EVIO 

EVIO. 1151 E 

ENALALL 

EV10.U50E 

EV10.I150:1E 

(I150E.HM 0) ^ 

(IISIK.HM^U) 

EVW. HXOP 



ENALALL/ 
EENAHXI. 



EVW. HXOP 



IfXOP 
HXOP 



HM-0 

KVR.HXOP 

HM-O.HR.RTl 

EVn 

FVll 

FLALL 



Read Special Resistor 
n to A and B. 




VIO L3 



Device 
L Highwaj 
N-*BAD 



Q-»A,B 




Force address 260 to N . 



Road store location 260, 



Add pi'ovious and current 
mill timer totals. 



FL8 
FK2 



N ->- SAD 
READ/P 



GD" 




X -*XJ 

h --> X 



Q -s-B 



Write cumulative total to 
store location 2G0. 



Increment instruction 
addrees. 



COMMENTS 



The device to be read is selected by the decode of the 
Instruction's N-field which produces NDl, ND2, ND3, ND64, 
ND(i5 or NDl 29. These allow the contents of one of the 
special registers to be read. 



VlO: The selected special register is addressed by K and 
Its contents read to the L highway and strobed via the mill 
to A and B. 



VI 



C -J>K 
PLUS 1 
CGY 



L3 If mllltimer else LI. 



ISSUE 



ICL 



1904AMKIL 
1904S,1903T 



N„ Q^l (and NDl) is active If the milltlmer special roister 
is to be read. 



V14: Address 260 (i. e. 256+4N) is forced to N by gating 256 
to L and 4 to K and adding these In the mill. The sum (260) 
is then strobed to N. 
Mllltimer register is cleared. 



VR: The store is accessed at the addi'ess in N (260) and the 
previous milltimer total read to B, the store location being 
cleared by the PAUSE part of the beat. 



V15: The previous and current milltimer totals ar^ added 
(A -* L and B -*> K respectively) in the mill and strobed to B. 



Vlti: Milltimer total written to X. 



VW: The new cumulative total formed in B in VIG ia written 
to the address in N (still 260 from V14). 



VI: The instruction address is incremented and returned to C. 
Carry is cleared and during the subsequent Instruction Phase, 
the content of the special roister read in VIO is copied from 
B to accumulator X if the order did not specify a milltlmer- 
read operation. 



GOIUS 

ETIM-L 

ETYP 

E64-L 

E65-L 

ESP 129 

EQAZ-A 

EQAJ-B 

BQKM-B 

EQNQ-B 



EQRX-B 
EQYZ-B 
EQ~B 

EN -BAD 

EV14 
EFL08 
EVI 
EBAZ-X 



V14 




(KN-SAD) 
(EHIN-B) 
{READ) 
(PAUSE) 



EV16 
GAI.A1,L 
GHKAI.L 
EKfJKM-K 



MP 



3D19: 20/162 

2D16:2J/60 

3D16:Hi/ 

3D10: 12/77 

3D10:6/77 

3D10: 20/77 

3F29:2Vh1 

3D13:21/71> 

3D13:22/79 

3013:24/79 

3 El: 6/ 83 

3E 1:9/83 

3013:15/79 

3E28:20A08 

2A7:9/18 
3Ell:25Al4 
3A16:12/8 
3F25:8/90 



3015:7/112 
305:24/68 
3E 1:2/83 
3El:6/83 
3E1: 16/83 
3El:8/«a 

2A17:5/7 
2E17:2/'J4 



(KAAQ-L) 

(KAAQ-1.*) 

(KAlt-L) 

(EASX-10 

(EAV- 1,) 

(EA7-L) 

(KilA.l-K) 

(KISKM-K) 

(KItNQ K) 

(KiiliX-K) 

(f;itV/-K) 

KQA.)~n 

IXJKM-ll 

W 1( 
j;v\\ 



170E INSTRUCTION (GOOP - EOl) 



FC44 
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VIO 



VW 

(KN SAh) 
(KM SO) 
(WltllK) 

KVI 



2 El 1:3/93 
«D4:2J/2tH 
2E11:12/16' 
2E1 0:6/27 6 

2A9:9/20 
3D30:3/V« 
3Fb:2l/(il 
Sheet 62 



CONDITIONS 



NDl 

ND2yN03 
ND64 
ND65 
NDl 29 



No-9 ' 
EV14 



3F 33: 25/72 

3F;)3:23/72 

3l-'3a::>l/72 

3K 33: 7/7 2 

3F33:r>/72 

3F33:3/72 

3F7:2li/tj:' 

3F7:2'l/<;2 

Sheet i;:^ 

3E7:4Al:' 

3K7:2r./*i:' 

31)13:21/7!) 

3f)l3::'LVV!> 

31)(;*::M/7!) 

3i>i:*:23/V9 

3|)i:t:li./Vl) 

2B:i:i«/:t 

2FV:J7/)(Uj 



2KiJ:a/!>a 
3K2iiVV5 
2K!:(;/16:^ 

UAU.:l:V« 




AddrcBS device via BAD from N and 
Btrobe the control code (x, in B) to it. 



VI I L3 



B — K 
K-»B0U1 
N-J>BAU 



Increment instruction address s 
clear carry. 



COMMENTS 



VI 



When a 171 E order has been specified, VMOD oi the 
Instruction Phase will load the content of accun. ''>tor X (x) 
to B (note, Q ^ B gating is inhibitod in VMOD for a 171 E 
order). Also active at GCX)P time arc 1171 E, GPD, EVl, 
GBKALL, EEBKM-Kand GOIUS. 



VI j LI 



C -i>K 
PLUSl 



CCY 
Q^ C 



VI: 



The device is addressed from No_5 and the content of 
accumulator X (the control code, in B from the Instruction 
Phase) is gated onto K. Data on K automatically appear» at 
the BOUT gates which are opened in this case by K —> BOUT. 
The ccmtrol code is then loaded into the device's registtr. 



VI: 



The instruction address (in C) is incremented and returned 
to C. Carry is cleared and exit is made via EOI to the next 
Instruction Phase. 



SIGNAL 



EN- BAD 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBHX-K) 

(EBYZ-K) 

(PHC) 



EVl 



MP. 



3E28:20/108 

3K7:26/62 

3 K7: 24/02 

3E7:2/G2 

3E7:2:V02 

3E7:4/(>2 

3?'7:25/62 

2F9:6/265 



3A] 6:1 2/8 



(ECAX-K) 
(PLUSl) 
EQAX-C 
EQI 



3E10:10/C7 
3D24:8/I0;> 
3E17:l2/8r) 
2Al(i:15/';i 



CONDITIONS 



ISSUE 



ICL 



1904A MKH 
19045,190311 



171E INSTRUCTION (GOOP- EOl) 



FC45 

SHEET10F1 



Read datum and program 
number from store to B 
and increment N address 



Hoad limit and modes from 
store to B, I^oad datum 
and program no. registers 




COMMENTS 



VR/V9: The datum and program number are held in the 
store location N loaded in the previous Instruction Phase. 
These are read to B and the address register is 
incremented (PLUS 1 ) to N + 1 . 



VR/VIO: The limit and the machine modes are read from 
N + 1. During the store cycle, the datum read in VK/V9 is 
strobed to the datum register and the program number is 
placed in bits 6 to 9 of the C register. 



Vll : The limit read in VR/VlO is transferred from B to 
the limit register and the machine modes arc loaded into 
bits to 5 of the G register. 



ISSilfc 



laTiizr: 



ICL 



1904A MKH 
1904S,1903T 



VI: The 173E Jixloi is now eoinplcle and the iusi ruction 
addrt-'.ss is iacremontfid, Cari-y is clean*! iim\ cxil oeci 
to the liisl ruction riia.se. 



V12: The- 172K order conlii 
is iornud in N {D ' l.i iflht 
and \hv F.XVX: bistable is n 
failure chock is caniwl out 



Ufs at Vl'Z. In this beat. ■ 
floating point unit i» fitltidj 
sit. A paginfi lescrvalion 
<n<l if this oc^cuis, entry i.s 



madotoV".^) of t}io inlermitl s('<(ucnco. 



The sefiuence now divides, takittj; one of two branches 
depeiKtant upon whether ov not the hartiwarc floating point 
unit (I'PU) option is fitted. 



172E&173E INSTRUCTIONS CGOOP-EOI/Vt 2) 



MP 



<EN-SAI)) 

(RKAD) 

<ESIN-B) 

{KNAJ-K) 

(ENKQ-K) 

(ENItX-K) 

(ENYZ~K> 

(PLUS I ) 

EtJNIP 



EQAQ-N 
KgitX N 

f:tj- N 

KVtt 
EVIO 
Ei:8IN-lJ 



(EN- SAD) 

(KKAU) 

(ESIN-B) 

(1>CHKCK) 

KQ-D 

EVll 



EDl-G 
E(i- L 



EVl 
GDI.H 



(Kl)-l,:l) 
(KD-Lli) 
O'UIK 1) 

(I'K.i') 
KgNII' 

l-M N 
iil.M'l, 

I'A'K 

KI.SIN I» 
KNKAM, 



(i:('AX K) 
(I'1,11S J) 

r;gAX r 



FC46 
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2E4: 12/16 
604:21/248 

mH:>:\/r,.\ 

;jn8:tV t'H 
;il>H:l 0/(14 
;m24:H/l()» 
lll}\iMi/H2 
•M':\:2/HH 
.'II'M :G/m;( 

:n:\:ic,/H:i 

AK] :H/H:< 

2Bri :;)/!:* 
2i;i7::;/;t4 



2j;il ::i/!l.l 
2i';4 :l:^/H) 
GI>4;2t/24^* 

;j!)ir):i7/ii:i 

2A(i;l(i/t4 



,'*FIG:N/H(> 



aA 1 r. 
an.j:; 



,'*!■:■.' 



.!/7r 



:*l):^t :N/i(»! 

:d);.;2;' /(is 
;ti;i :^ H;i 



at: id til (iv 

a]';i7:i.' f^;. 
i?AM;:i.i -n 



CONDITIONS 



I 17'MX (HKv 

i;nhni:iii) 
1 17:* Is 

KVI [2 



irr 
it Ml 



Read the oonteut olV + 13 and 
decrement address to D + 8 



Read D + 12 and form D + 9 in 
register N. Load lower FPU 
buffer from content of D + 13 
readinVR/V13. 



Read content of D + 9 to B 
and decrement N address to 
D + 8. Load upper FPU buffer 
from data read In VR/V14. 



Read instruction address (in D + 8) 
to B and decrement N address to 
D + 7. Set 25 mode and load jl^3 
register from mill. 



Dfltumiso instruction address and 
strobe to C. 




VR/V13 L2 



VR/V14 L2 



N->>SAD 

READ 

PLUSl 

B-J>FPA 

D-*L 

FK3 



N->SAD 

READ 

FLALL 

N-^ K 

GM1-S3 
B20h^ZS 
Q — i-N 
7 -*• 1^3 





ISSUE 



ICL 



1904A MKH 
1904S, 1903T 



COMMENTS 



VR/V13: The content of the store address held in N 
(D + 13 formed in V12) is read to B. IWs daU is in 
face, the required content of the 1. s. FPU buffer, N 
is decremented (by NSUB) to D -•-12. 



VR/V14: The content of D + 12 (the required content 
of the m. s. FPU buffer) is read to B. During Hie store 
cycle, the 1. s. FPU buffer is loaded from the data in B 
(from VR/V13). 



VR/V15: The content of D t 9 is read from store. This 
word contains the ZS and A bistable modes. Hie address 
Is then decremented to D + 8. During the store cycle, 
the m, 8. FPU buffer is loaded from the content of B 
(loaded in VR/V14). 



VR/V16: The store is accessed at D -^ 8 to read out the 
instruction address. N is again decremented to give 
D 1 7. During the store cycle, the ZS bistable is set 
(or reset) jiocording to bit 20 of the word read to B in 
VR/V15. N is also gated via the mill back to N. This 
me:uis that the 1. s, 3 bits of the mill will contain the 
constant 7. These bits are copied into the LS3 register, 
forcing it to 7 to provide the count for VU/V19 (sheet 3). 



V17: The instruction address read in VU/VIU is 
datumisod and strobed to C. 



172 E & 173 E INSTRUCTIONS (VR/V13-V17) 
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(EN-SAD) 
(READ) 
(ESIN-B) 
NSUB 



EVR 

EV14 
GDLA 



VR/V14 



(EN-bAD) 

(READ) 

(ESIN-B) 

(PC HECK) 

NSUB 

LLFPUB 

FK3 

(PLUSl) 

EQA^N 

EQRX-N 

EQYZ-N 

EO-N 

(ED-L:1) 

(ED-L:2) 



EVR 
EV15 
ENKALL 



(EN- SAD) 

(READ) 

(ESIN-H) 

(PCHECK) 

NSUB 

LUFPUB 



EVJ6 

EVR 

EESIN-n 

ENKALL 

EENKQ-K 



Vll/VIG 



(EN -SAD) 
(HEAD) 
(KKIN It) 
(PC HECK) 

kM-Ls;i 

(KNAJ-K) 
(isNKC^K) 
(I<;NRX-K) 

(i';N^'/ K) 

EQAQ N 
f:(iHX N 
KQV/'N 
I'Q N 



l;;VI7 

(;j)i,A 

GHKALL 
Eh;i3KM-t- 



V]7 



(khaj-k) 

(EBKM-K) 

(EBNP-K) 

(EHQ-K) 

(EHIIX'K) 

(EHYZ~K) 

(ED-L:]) 

(ED-L:2) 

EQCALL 

EQAX-C 

EQ7, C 



EVR 
EVJ9 
ENKALL 
EENKQ-K 



M.P. 



2Eli: 3/93 
2£ 4:12/16 
6D 4:21/248 
3F18:21/80 



2A17: G/7 
2A 7: 9/18 
3P31: 18/74 



2Ell:3/93 
2E 4:12/16 
6D 4:21/248 
3D2«;26/108 
3F18:2l/80 
2E 7:22/J2 
3D 5:22/68 
3D24: 8/109 
3E 1: 2/83 
3E 1: 6/83 
3E 1:16/83 
3E 1: 8/83 
3E2 1:25/7 5 
3E2 1:22/75 



2 EH: 3/93 
2E 4:12/16 
6D 4:21/248 
3D28:2(i/l08 
3F18:2l/80 
2E 7: 2/32 



2A 9/ 9/20 
2A17: 5/7 
2EJ7: 2/94 
Sheet O'l 
Sheet (Vi 



2iai:3/<>;j 

2E4:K'/i(i 

(j))'l:i!l/lM8 

31W«:2f;/i08 

3J<'lb:2l/80 

3l':i 9:4/01 

Wi:2<l/ii2 

3l)K:l7/(i4 
3F)d:10/fJl 

3K1:L'/h;i 
3El:C/«;i 
3Kl:l(i/K;; 
3KI:H/h;1 



2A|0:;t/;!l 
3F31:lM/74 
3F(i:2l/(il 
8het!l 02 



3K7:26/l):i 

3F7:24/U2 

3F7:2/li2 

3P7;23/I<i2 

3E7:4/02 

3F7: 25/02 

3E21:2b/75 

3E21:22/76 

3F17;2/85 

3E17: 12/85 

3 £17:16/86 



2Al7:5/7 
2A 1 1:9/24 
Sheet 64 
Sheet 64 



CONDITIONS 



CPR& EXEC 



^1^ 



w 



Load accumulators 
7 to 1 from D + 7 to 
D + 1 respectively, 
decrementing LS3 by 
one each time 



VRA^19 L2 



LS3-*XJ 
N--*SAD 
READ 
N — >K 
FLALL_ 

B— 5>X* 
M — J>IJS3 





Load accumulator 
from D and form D 4 
in N. 



LS3 -»U 
FK3 



■*.N 




<Zj 







COMMENTS 



VR/V19: The m. s. 7 hardware accumulators are re- 
loaded from store locations D + 7 to D + I, <Hie accumulator 
btung reloaded for each cycle of the loop. Each time VR/V19 
is cycled, the address Is decremented and re'airned to N via 
the mill. This allows LS3 to be reloaded for each cycle 
from the mill, decrementing its count by one each time. 
When this count equals zero, the m. s. 7 accumulators have 
all been loaded and entry Is made to V20. 



V«0: The 1. s. accumulator (0) is loaded from store address 
D. Bit 3 of K is forced to 1 and this is gated via the mill 
and Q to N. The datum is simultaneously gated to L and thus 
D » 8 appears on Q. This is then gated into N to give the 
address of the dumped insti-uction preparatory to the 
Iiistmction Phase which is entered at EOI. 



ISSUE 



ICL 



1904A MKn 
1904S.1903T 



172E&173E INSTRUCTIONS CVR/V19- EOl) 



FC46 

SHEET 3 OF 3 




EVliO 
EVR 
EV20 
GDLA 



(EN-SAD) 

(READ) 

(ESIN-IJ) 

(PCHECK) 

EBAZ -X 

(fk;)) 

(ED-L;1) 
(ED-L:2) 



EQAQ-N 
EQRX-N 
EQYZ-N 
EQ N 
EOI 



MP 



2 EH: 3/93 
2E 4:12/16 
6D 4:21/248 
aFl 8:21/80 
3E19; 4/91 
3F25: a/90 
3D 8;25/«4 

3D 8:23/64 
3D 8:17/64 
3D 8:10 64 
3E 1: 2/83 
3E 1: 6/83 
3E 1:16/83 
3E 1 : 8/83 



3B1 3:18/25 
2A17: 5 A 
3813:18/26 
3F31: 18/74 



2EI1: 3/93 
2E 4:l:i/ie 
6D4:2l/i:48 
3015:17/112 
3F25: 8/90 
3D 5:22/68 
3E21:25A5 
3E2 1:22/75 
3E 1:2/83 
3E 1; 6/83 
3E 1:16/83 
3E I: 8/83 
iJA16:15/41 



CONDITIONS 



t-' E(«&(E NHNEBl 
vLS3 V & HK) 
FECI & L83 - 
FEDI 



FEC M 

CPR & EXEC 



Increment instruction address and 
read control code character to B. 




Address peripheral from N and gate 
to It the control code character. 
Fan response to all character positions 
of A. 



Set RPT 
Q~>A 



Retain the control code on BOUT for 
a further 1.2(xs. and send T pulse;. 



V27 I T,a 



B — >K 

K->BOUT 

ANT) 

FANQ 

PUT 

PliC 



Strobe response to a character position 
of B. 



Exit from instruction 







COMMENTS 



Also active at entiy will be II74E, EXKC, EVI. 



VI : The Instruction address is incremented and returned 
to C. Accumulator X holds the control code character 
(bits 0-5) which is gated to B. 



V27 (& HPT): The peripheral is addrest>od from N 
(loaded during the Instruction Phase) and the control code 
in B is strobed to it over the BOUT highway. The 
beat is 'stretched' to 1.2^8 to allow time for the 
peripheral response to be received, l^is response is then 
formed to all character positions of A and the RPT 
bistable is set. AND is set to prevent the control code 
being OR'ed with the response onto the M highway - as L 
is all zeroes, the mill output will be all zeroes with AND 
active. 



V27 (&RPT): V27 is repeated to hold the control code 
on BOUT for a further I. 2^6 and the T pulse (PHT) is 
sent to the peripheral. 



V28: The response received from the peripheral in 
V27 is tfatod to a selected character position of B. Thi.s 
will bethel.s. position (NCII .'I,) set in the Instruction 
l^lutse unless the order hiiy been jiKxlified in w'Jch e:i«c 
the character position will 1)l' determined by the lop two 
biL-i of tlie modifier. The woiU containing this response 
chiirueter is written to aecuinulMtor X in the subsetiuent 
InHlr-uction Phiise. 



issue 



ICL 



V, 72 j^ [ 

1904 A MKH 
1904S,1903T 



CXIEI 



174E INSTRUCTION (GOOP-EOl) 



(ECAX~K) 
(PLUS 1 ) 
CCY 
EHX-B 



EV27 
GBKALI, 
EEBKM-K 
EAND 



EN- BAD 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EBY-K) 

(EBZ-K) 

EBIN-M 

(AND) 

EMFAN 

(RPT) 

EQAZ-A 

NR74V27 



F:V27 
EV28 
GA1.ALJ. 
EFASX L 



MP 



3EI 0:10/67 
3D24 :8/l 09 
3K1 2:1 8/99 
3 Ft 4:6/87 



3Bl8:l2/20 
3F6:2l/61 
Sheet 62 
2D1 8:25/95 



3E28:20/I08 

3F7 ; 26/62 

;jF7: 24/62 

3K7:2/62 

3F7:23/62 

;}E7:4/62 

Sheet 62 

Sheet 62 

3E25:6/90 

3E21:6/75 

3F28;17/107 

3C28:2.*J/149 

3F29:23/81 

3D3:16/48 



3Bl8:12/29 
2B1 2:20/30 
3D;j 0:3/70 
Sheet 72 



(KAAQ-I,) 
(EAAQ-I,*) 
(EAIM,) 
(EASX 1) 
(FAY- I.) 
(KA/ I.) 
KQ-IU) 
K«)) 



3F;<;j 
liVlili 

3i'3a 

3F3;t 

3F;i;i 

3K1H 

aAHi 



2r./72 
23/72 

21/72 
7/72 
5/72 
;*/72 
\\/H0 

ir,/n 



CONDITIONS 



NR74v27 

V27&RPT 

EV28 



FC47 

SHEET10F1 



Transfer x to register N 
and clear carry. 



Increment instruction address 
and strobe to C. Force carry 
if datum or limit failure occurs, 



VI LI 



C -i-K 
PLUS 1 

FCY if 
DORLF 



ISSUF 



ICL 



1904AMKir 
1904S.1903T 



COMMENTS 



Also active at entry are 1177 E, GPD, EVl and GALaLL. 



VI: The content of A (x, loaded in the Instruction Phase) is 
gated to the N register and carry is cleared. 



VI: The content of N (x, from VI) is placed on the SAD 
highway and a reservation check made. If reservation 
failure occurs (DORLF) carry is forced set The instruction 
address is incremented and the new address returned to C. 



Exit is tiicn made to the Instruction Pliase. 



177E INSTRUCTION (GOOP-EOI) 



FC51 

SHEET 1 OF 1 



(EAAQ- L) 

(KAAQ-L*) 

(EAR- L) 

(EASX- L) 

(EAY-L) 

(EAZ-L) 

EQNIP 



EQAQ-N 

EQRX-N 
EQVZ-N 
EQ-N 
CCY 



(EN-SAD) 

(ECAX-K) 

(PLIISI) 

(EQAX-C) 

FCY 

EOl 



MP 



31 3;j;2r)/72 

3K33: 23/72 

3F33:2i/72 

3F33:7/72 

3F3y:S/72 

3F33:3/72 

3DiJ:2G/H2 

3E1:2/H3 

3El:G/83 

3Ei:16/83 

3EI:8/83 

3Fi 2:1 8/99 



2ni;y/03 
3K10:IO/tJ7 
3D24 :8/l (>U 
3EI 7:12/85 
3FJr>:17/n>G 
2AI0:I5/41 



CONDITIONS 




COMMENTS 



1116/126: 
Retrieve 

Instruction address 
and strobe to B. 
n'27: strobe 
inetruction address 
to C (fronn P). 

Transfer current 
Instruction 
address from B to 
C, 




I'M: TnuLiloi' 
current datum 
ad^l^(^^.s to N and 
strobe il to X or 

1. Force 177 
funt'tion and sot IN 'J'. 
Rvaot KUM iim\ 



V\\'/\ '9 12 



N -->SAD 
WmJE 

N— >K 

GMLS3 

X—kB 



ISSUE 



ICL 



Tliere are 7 entry points to the Interrupt Sequence: 

Reservatiwi failure: RESFL 

CREST sequence: CREST (from VFC12) 

niegal order. ILLEG (GOOP & ASTAT L J117 &EXEC) 
172E sequence: I172E 

Extracode: EXCD 

Monitoring: MON (PM) 

Peripheral Interrupt: {PlttNT (PM)) 



An EXCO interrupt requires the transfer of the N address 
to A to bo written to store (or to an accumulator) In VI 1. 



If entry was due to RESFL, the failed address is transferrer 
to A from either C or N. 



(EC- SAD) 

(EN-SAD) 

(WIUTE) 

(EB-SO) 

RESI-L 

ECAX-K 

ECY-K 

ECZ-K 

ENAJ-K 
ENKQ- K 
ENRX~K 
ENYZ-K 
EQAZ-A 
(FUM) 



HP 



The instruction address (dumped in location 10 cm entry to 
the U6/126 ((MOVE) order) Is retrlved and strobed to B, 

V35: 

This beat is entered if the RESFL occurs in the loop of a 
127 order. The current instructicu) address Is then In P and 
Is transferred to C to be Incremented in V12. If the 
interrupted was a 116/1267, the same action occurs with the 
exception that the address is held in B rather than in P. 



EVUlO 

EV3-1 

EV3G 

GDLA 

EESIM-B 



(FSAIMO) 

FRCEl 

FRCE3 

(RP^AD) 

(ESIN-H) 

HESFi, 

ENAJ-K 
ENKQ-K 
ENKX-K 
ENYZ~K 
EQAZ-A 



Kvas 

GIJKALL 



3C1 4:8/167 
2E1 1:3/93 
2E4:6/162 
3J2l:I>/75 
21)7 :6/:f2 

3E1 0:1 0/67 

3FI 0:25/67 

3FlO:19/67 

308:25/64 

3D8:2;i/64 

3D8: 17/64 

3DH:J0/64 

:jF29.-,i;i/81 

208:21/156 



:JA 1 4:22/39 
2H1 2:3/30 
21121:12/34 
3F31: 19/74 
2El7:2/y4 



CONOmONS 



(EC-SAD) 

(EN-SAD) 



DORLFfiCPl! 



2F10:9/U2 

2F3;3/115 

2F3:6/115 

2E4:12/162 

604:21/248 

2D7;6/.'i2 

3D«;25/G4 
308:23/64 
3D«:17/G4 
308:10/64 
3F29:23/81 



V36St I'M: 

•Hie d:itum for the interrupted program is transferred to N 
and tilt; I,S3 register is loaded from the mil). The 
ttccuinulMtor addrews highway {XJ) is cleared und thus XO is 
read to B. A 177 iunctlon is forced (F17VF) to clean the 
funclioii rofiistor ami FLG4 is reset, INT is tJieji set to 
indiciite tli;t( Die interrupt sofjuence proper is uudei'way. 



(KHAJ-K) 

(KiiKM-K) 

(IJliNP-K) 

(KliQ K) 

(EI3KX K) 

(KIJYZ-K) 

EQCALL 

(KPAJ K) 
(Fl>Kg-K) 
(Kl'UX-K) 
(j;i»YZ K) 
(I'CtlKCK) 

i:v,iti 
GI> LA 



(KI)-f,rU 
(I;D-L:2) 

KQAg- N 

EQHK-N 

KC^YZ N 

EQ N 

F17V1' 

(INT) 

EM~IxS;) 

F164F 

GOOI* 



3F6:21/61 



MOVE 

MVSUM 

EV3G 

EVI{I0 



D OitLr &cp5 
6 rxm 



3F7:2G/(;:^ 

3F7:24/(i2 

3E7:2/U2 

3F7:2:J/G2 

3i';7:4/G2 

3i''7:25/G2 

3F17:2/7H 

3K17:r2/8fi 

3 Kl 7:16/85 

3E9:3/6G 

3E9:r)/GU 

3F{»;2r)/GG 

3Fy;23/G6 

3ni!>:l7/lJ2 

3A2;i;iH/:);) 

3Fyi:lH/74 



EVW 
EV9 

ENKALL 
EKH-SO 



1904AMKS 
l904S,t903T 



INTERRUPT SEQUENCE (ENTRY- V36) 



FC52 

SHEET 10F4 



3E21:2r./7;;. 
3K21:2ii/Vr, 
3T>2:2G/H2 
3KI:2/83 

3r:(-.7/H:i 

3LM :JG/a3 

;*i;t :H/8;t 
;mM:2r)/i(M 

UC27:23/147 

■; 19:3/111 
3r)17:IG/l»l^ 
2»I3:20/» 



2113:1^/3 
2A4:;)/t:^ 
3FH;7/GI 
F7:17/10G 



_ i 



CPlt & EXEC 



[pM 



V9/V\V L2 



Dump accumulators 
to D to D + 7 . 



Transfer address 
to B. 





-. ) 



1) Write failed 
address to store 
and strobe datum 
to A. 

2) Write extracodc 

• N-address t<i 
accumuhitur 1 . 
Transfer d;i»iini to A. 
IncrenuMil or decremeni 
H8 retiuii od, 

In botli casct;: 

PLUS 1 if i'l'KlPll & 

ASTAT; 

FKALL if KXCD ILUV 

V V 

(MMl & 1023 L) JUMl'. 
Form relative instruction 




Q -i> A 









(2) 


Vil L2 




LS3->XJ 




D -^ L 




B ->X 




Q -?■ A 



__rj 



VLVa 



Write instruction 
address to 1) * 8 and 
force N to 1) : i>. 



vi3/vwL;i 



N -SAO 
WKUK 
N — K 
PLUS 1 



Q - 



■ N 



N -> SAD 
READ/ 

PAUSE 




ISSUE 



ICL 



1904A MKH 
1904Sy1903T 



COMMENTS 



V9/VW: The accumulators to 7 are dumped to store 
locations D to D + 7. LS3 Is Incremented for each cycle 
and a hesitation break-point is provided. When LS3-7 
(i. e. all the accumulators have been dumped) VlO is entered. 



VIO: A contains (he failed address (for RESFL entry) or 
the N address (for EXCD entry) and this is copied into B 
to be written to store or an accumulator in Vll, 



Vll: For a paging failure entry (CPU & RKSFL), the 
failed address is written to store location 19. Otherwise, 
accumulator is addressed from IiS3 and the extracode 
N address (or tlie current instruction address) is dumped 
to AccumuhUor ]. 

In both cases, the datum is copied into Register A 



INTERRUPT SEQUENCE CV9/VW- V13/VW) 



FC52 

SHEET 2 OF 4 



(EN-SAD) 
OV'Kri'K) 
(EI) SO) 
llKSKl, 

(KNAJ K) 

(KNKg-K) 

(KNKX K) 

(KNV/.-K) 

(Pl/DS 1) 

EQNIP 

EQAQ-N 

EQHX-^' 

EQY/,-N 

EQ-N 

EM-LS;! 

EHX*-(» 

ELS:i-XJ 

E\^V 

Evy 

EVIO 
OAIJ^LL 



VIO 



(i;('AX-K) 
(Kl V-K) 

(i;t"/Hs} 

(LNAUX-L) 

(sc:i2) 

KQAJ-U 
EQKM- It 

(rM,i,si) 

EVL't 
KVW 

EN'KALL 

V25 

(EN-i,\t>) 
(HLAD) 
(PAUSJ:) . 

EVll" 



via/vw 



(EN-SAD) 
(WHITE) 
(EB~SO) 
RESFL 

(ENAJ-K) 
(EM Q-K) 
(E..1(X-K) 
(E>.^/-K) 
(PL H 1) 
EQAQ-N 
EQRX-N 
tjQYZ .\ 
EQ-N 

EV20 

E EN- SAD 



MP 



2Ell;3/93 
2E4:6/162 
3E^]i9/75 
2l>7:()/3:i 

3I)S: Ll:-)/(j-l 

31)«:17/U't 
308: 10/04 

3U2:2(V»2 
3El:2/8;i 
3El:7/»;t 
MEl: 10/83 
;iE 1:8/8;! 
2 El ;>:;»/!»! 
3K 1 8: 1 8/80 
3FJ 9:0/91 

2B3:l8/;i 
2A4:9/lli 
2A5:9/13 
31)30:3/70 



3F33:2;i/72 

31)33:23/72 

3F33:2l/72 

3F 3 3: 7/7 2 

3K33:;-./72 

3F33:3/72 

3i)J 3:21/79 

31)13:22/79 

31)1^:24/79 

31)13:23/711 

31)13:LV79 

2AO:10/li 
3Fai: 18/74 
r>AO:*»/0(t 
2F17:l',l/94 
:tFO:lil/Gl 
L^F'. :I7/101. 



2F;*: 
2 I'M; 
2E2 
3K2 



::i 1/115 

:(i/l02 

l;!)/75 

1:25/75 

l:-y7r) 

;>;:!;(/8i 

lMi/',»l 

):t;/;iii 

■1:8/10!) 
:;'0/(i2 
:2l/(i2 
:V02 

::;.V(,2 

: l/(.2 

:L*r./(i2 

:Vll2 

l:Ut/l5 

/(i7 

:(:!0/lO:i 

■.'Ar>/'jn 



;!LJ0:lit/(i7 

aFl():2;j/(,7 
3l''iu;i:iA;Y 

31):tl::./7 3 
;U);i:2J/l]2 
31)1 3;:' 1/71) 
3lii:<;;>:'/7tf 
yi)i;;:i! 1/711 
:UVL(::»:i/7^i 
;tl)i;<:Li//i) 

:tl)lM:.Vi<>iJ 

2AI8:.,/1G 
21i3:l8/;i 
2F7: 17/100 
3F 8:7/0 1 



2 Ki 1:3/93 
2K4:!1!/102 
2F1(»:7/14;( 

2A7.9/1« 



2E1 1:3/93 
2 E4: 0/1 62 
2 E2 1:9/7 5 
21)7:0/32 

31)8:25/64 

31)8:23/64 

31)6:17/64 

31)8:10/64 

3J):M:8/109 

3El:2/tt3 

3K1:7/H3 

3Ei:10/fc>." 

3KI:H/*3 

3Blf»:2i/2» 
/93 



CONDITIONS 



DORLH^A CPU 

& EXKc; 



lLUtV{>4 
EXCI)04 ^ 



CPU <C RESFL 



r 



CPU Ki REHFL 



ASTAIK' FKAI.F 



ILLKV04 
EXt t)(H ^ 



DORLF & CPR 
St EXEC 



Copy ZS and ASTAT slates onto 
Q highway. 



Write ZS and ASTAT states to 
D + 9 and from D + 12 in N. 



lx>ad Oofi ting-point unit upi)cr 
buffer to B. 



Write uppoi' Ijuffcr caiitoiU to 
D + 12 and form D ^ 13 in N. 
Read lower FPU buffer to B. 



Write lowt'i' rini buffer to 
D H 13 



V14| L2 



ZS->M20 

ASTAT-> 

M21 

EXEC 

B0-14-»>K 

B22,23*K 



Visl L2 




V16| L2 




FPA -* B 






Vi7 f L2 


N — »SAn 


WIUTK 


N — ->i': 


PUIS 1 


9s-^^^ _ 


yPA* ->B 



N — >SA)) 

wmjK 



COMMENTS 



V14: The state of the ZS biBtable Is copied into M20 and, 
if entry to the sequence was of the MON or ILLEG type, 
the state of the A bistable (ASTAT) is copied to Q21. The 
Q highway is then loaded to register B. 



Vlf> : B (containl-^ the ASTAT and/or ZS states) is 
written to D + 9. ITie address D + 9 is incremented by 3 
to giveD -r 12. 



EZSQ20 
EAS-Q2) 

EXEC 

EQA.1-B 

EQKM-B 

EQNCMJ 

EQUZ-B 

EQ-B 



EV15 

GNKIP 

ENKAI,L 

EEB-SO 

EENKQ-K 



VI 5 






" I 



Copy instmction address into C, 




V16: If the FPU facility is fitttxl, its upper Ixiflcr It; 
loadtid to B. 



V17/VW: Tlu> roiifcnt of the Fl'll uppct bultii ik wrJttun 
from B to D I 11',. I) H la is formed in N (I) > 1 ,1 *0 PLUS I). 
Tho lower FI'IJ bufior is strobed to B for VIH/VW. 



(EN-SAD) 
(WiUTK) 
(EB-SO) 
RESFT. 

(ENAJ-K) 

(ENKQ-K) 

(ENRX-K) 

(ENY Z-K) 

(FKl) 

(PLUSl ) 

EQ-N 



(EQNIP) 



EV19 

EVIDLE 

EV20 

EVR 

EV21 

EPKALL 

EEC-SAD 



MP 



2E 7:U/32 
2F 2:15/142 

2C 1:25/1 m 
3Di;>:21/7fl 
3Di;t:22/79 
3DI 3:2^/79 
3Dl:t:2;(/79 
3013:15/70 



2A 8: 9/19 
3D 9:10/63 
3F 8: 7/64 
2F 7:17/10*5 
Page C'l 



2 Ell; 3/93 
2E 4: G/162 
3E21: 9/25 
2D 7: C/32 

3D 8:25/64 
3D B;23/64 
3D 8:17/64 
3D t*:10>'64 
3D 5: 8/68 
3D24: 8/109 
3E 1: 8/83 
3D 2:26/82 



2 A 9: 9/20 



2A11: 9/24 



V1H/V\V: Th.' eonl(!iit of tlit: 
from ]! to]) I ];<. 



lower FPU bufft r is written 



ISSUE 



ICL 



1904A MKE 
1904S.1903T 



V19: This beat is entered if EXCD b 1023L are set. The 
instruction address (in P from the Insti-uctlon Pha^e) is 
then copied to register C. 



UllFl'UB 

EV17 
EVW 
ON KIP 
ENKAI.I, 
EKNKQ K 
KKH-SO 

VIH/VW 

(KN-SADj 
(WRDI.) 
(KH-SO) 
RKSil, 



3A12: 2/40 
3B1 3 
2A17 
3B14:i»fi/2G 
P;ige UG 



CONDITIONS 



MON64y 
ILLECMJl 



DORLF & QR4 
EXEC. 



FPU & HH 6 



.18/25 b Pt L 
: 5/7 14 1023] 



FPimUSY^ 

EXCD64& FPU* 
I023L 

Sec- Cominentf* 
EXCD04 



FPU & EXCDM 
EV19 



21- 0:18/92 EVZO 



KVlIf 
KVAO 
EVlt 

KVZl 

i<:i'i;ai,i, 

fix:- SAM 

VI7/VVV 

(KN-SAD) 
(WHirK) 
(FU-SO) 
RF.HII, 

(i:naj- K) 

(ENKg-K) 

(FNItX-K) 

(FNV/.-K) 

(PLUS 1) 

Et^At^-N 

KQKX-N 

KQYZ N 

ECi-N 

ULKIMIB 

EV18 
EVW 
EEiJ-SO 



2K 7: 7/32 

i:AlO::{/21 
2P 3:18/3 
3D 9:10/63 
3F 8: 7/64 
pHfeo 61 
2F 7:17/106 



2i:i I : 3/93 

2K '1: iiAd'A 

3i:iil : 9/75 

21) 7: ii/ri 

2AM : '^/-M 
3IU:lIH/:^5] 

2AI7; ;,/■/ J 



zii 



t';,w,.(;(; 



Vi9 



(EPAJ-K) 

(EPKQ-K) 

(EPRX-K) 

(EPYZ-K) 

EQCALL 

EQAX-C 

EQ7-C 



EV.l 

EEt. -SAD 
EESIN-B 



INTERRUPT SEQUENCE (V14-V19) 



FC52 

SHEET30F4 



1 : 3/iJH 

4: 6/1 Oa 

I : 9, ''7 5 

7: i>/:i2 

H:;'-5/U4 
■■^:i/64 
; 17/64 
:l<)/(>4 
: 8/109 
: 2/83 
: 7/83 
: I 6/83 
: 8/S,'( 
: 7/32 
3IU •.>:■;:',:':» 
ZP 3:i;i ;i 
2F 7:1 7,1 (W 



31) 8 
31) 8 
31) 8 
31)24 
31': 1 
3f-; 1 
3K I 
3K 1 
2F 7 



])OI{LI;^S' CPil 
fc FXKf; 

J023L& KXCDW 
KXC'I)64 i' 
r623T. 
KXCiHTl 

KVlif 
KV2(i 



DOKj,F 

& ExTx: 



cpR 



3E 9: 3/66 
3E 9: 5/66 
3F 9:25/66 
3F 9:23/66 
3Fi7: 2/S5 
3E1 7:12/85 
3Fl7:lC/85 



3B1 3:1 8/25 
2A17: 5/7 

6:18/92 
2ra7: 2/94 



Read instruction from store and 
force N and LS3 to 2, 



V20L2 



C — >SAD 

READ 

FKl 






Clear function r^tster. Write 
Datum to store location 19. 



Dump EXCD instruction in X2 
and form Executive entiy in C, 
Set PLUS 1 awl SHLINT if EXCD. 
Reset ASTAT. ZS aiui G registers. 



VZ2 L2 



F177F 



19 — >SAD 
WRITE 




COMMENTS 



V20: The address loaded In V19 is read to obtain the 
instiuction from store and N and JLS3 are forced to 2. 



V22: If the sequ^ice is entered from a I72E order (with a 
paging failure), the datum for the failed address is 
transferred to B and a 177 function is forced to test the datum. 



V23/VW: The daUim is written to store address 19, 



V21; The EXCD instruction is written to accumulator 
2 (LSa forced to 2 in V20) and the Executive entry address is 
formed in C, This is 16 for involuntary entries and 32 for 
voluuiaiy entries. SniJN'i' (shift left n — >Q) is active to 
give .■i:-',. 

The A and ZS bistable,^ are now reset as in the modu- 
field of the G register (by RESETG). 




Tiie soquence exitg at EOl. 



Rsue 



ICL 



1904AK/H<]I 
19O4S1903T 



INTERRUPT SEQUENCE (V20/VR-E0i) 



FC52 

SHECT4 0F4 



(EC-SAD) 

(READ) 

(ESIN -B) 

(FKl) 

EM-LS3 

EQAQ~N 

EQRX N 

EQYZ-N 

EQ-N 



EV21 



EQAJ-B 

EQKM-B 

EQNQ-B 

EQRZ-B 

EQ-:i 

F177K 



EV23 
EEB-SO 



V23 



(FSAD19) 
(WrUTE) 
(EB-SO) 
RESFL 



EHAZ-X 

RESETG 

(SHLfNT) 

(PCIirxrK) 

EOT 



MP. 



3014:8/167 
2E4:12/162 

604:21/248 

3D5:8>^8 

3E19:3/91 

3El:2/83 

3El:7/83 

3El:l6/83 

3El:8/8.3 



3BH:20/26 



3D1 3:21/79 
3D13:22/79 
3D1 3:24/79 
3D1 3:23/79 
3013:15/79 
3D14:25/104 



2A13:8/9 
2F7:17/106 



Page 1 1 •■> 
2E4;6/162 
3 E2 1:9/75 
2D7 ; 6/32 



3B14:26/2C 



3D5:26/172 
3F17. 12/75 
3E1 7:1 2/75 
3E17:16/75 
3D24;8/109 
3F1 9:6/91 

3r'25:8/90 
3F16;i3/Rn 
21)3:21 /'IH 
3D15:17/112 
2Aff;:!r>/4l 



CONDITIONS 



INT 

FLGl it 
CHMVI06 
EXCD 

EXCD 
1172E 



Dump B Register to store. 




1) Store N Register 
content. 



2) Dump B RegiBtcr- 

content to an accumulator. 



(1) 



-H2/VW10 



10->SJ 
WRITE 




(2) 



VH2L1,2 



B -5>X 

or 
B -5>X* 




Request multichannel 
address and strobe 
response to conlrol 
word address rqjister. 



VU3 L3 



Request 
Ideutifier, 
Identifier 
to CWA 
register. 



Read count and style from 
store (1st half of control 
wort!) . 



READ 
PAUSE 




1) Add current milUinief <1) 

count to previous total. 



2) Load style register and 
set BSTOP if count 0. 



B -s- K 



(2) 



VH5 1-2 


B -* K 




SC15 


BSTOP If 


Q ^B 


Q^S 



GD- 




ISSUE 



ICL 



1904AMK1I 
1904S,1903T 



COMMENTS 



A hesitation request (HR) will be allowed whca HESBKPT is 
active. EIHES will also be active if the break-point la of the 
end of order type. 



VHI: Type 3 hesitations require dumping of the B register 
to store: for other types it is dumped to an accumulator 
(in \H2). 



VH2 & VWIO: For type 3 hesitations, the N roister is 
written to store (VWlO). VH2 gates B to an accumulator 
for other types erf hesitation as described above, the 
selection of X or X + 1 being decided as follows:- 



B 



> X if: ENDHES & EOI & (CGOO CGIO I02N3:6 IH0:2 
1170: 4E I12N356) (1114:5 & V15). 



B -5> X + 1 if: ENDUES & EOI & (1040:3 1111:3 1114:5). 



PIIMCMDC is active when the hesitation request is from 
a multichannel device. 



VH3: In this case, a retjuest is sent to the device for the 
'address* of the requesting mechanism. The reply to thit 
request is gated into the control word address register in 
the Distributor Plane by STKGIO. 



VIM: The style and count are read from store. Thin 
information is contained in the first control wcn-d. 



PilTH: indicated that tlie hesitation refiuest is from the 
milltiniei . 



VH38: I'^or milUimer rcquewiH the content of tho timer 
refiister is gated to Register IS. 

VH5: For all other requests i>ne is subtracted from the 
count field and the style retiister is loaded. If the count 
equals zero, BSTt)P is set for use In VIM2 (q.v). 



SLOW HESITATION SEQUENCE (HR-VH 38/S) 



FC53 

SHEET 1 OF 5 



(FSAD9) 

FRCEO 

FRCE3 

(EB-SO) 

(WHITE) 

RESFL 

(ENAJ-K) 

(ENKQ-K) 

(ENRX-K) 

(ENYZ-K) 

(BQAJ-B) 

(BQKM-B) 

(BQNg-B) 

EQRZ-B 

EQ-B 

EEB-SO 

EVW'IO 

EVH2 



VH2 &V\V1<) 



(FSADIO) 

FRCE3 

FRCEl 

(EB-SO) 

(WRITE) 

(EBAZ-X) 
(EBAZ-X*) 

EESIN-B 

EVH3 

EVH4 



V4 



(ECW-SAD) 
(ItEAD) 
(PAUSi;) 
(EHIN-B) 

GBKAIJ, 

EVIlf) 

EVII3H 

VI 15 

(EIJA.I K) 

(EMKM K) 

(EHNl'-K) 

(Eliq-K) 

(EIUtXK) 

(EliV/. K) 

EQAJ 1 1) 

EQKM II 

EQNQ-H 

EQR/-lt 

EQ-H 

(EAAQ \.) 

{EAAQ L») 

(KNAAQ--L) 

(SCi:.) 

(otri) 

(UVVD) 

(\V()KI)) 

(MCHAN) 

(KCfl(-) 

(SO) 

WDIWJJ 

CKF 

WDIN 



VH5 



VVfXJU'i 

(BS'J'(>I») 

(PCHECK) 

EEB-SO 
EVHti 



VH38 



ETIM-L 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBHX-Kj 

EQBiP 

EQAJ~IJ 

E-QKIW-B 

EQN'M* 

EOH/, n 



EEl 
EVh(i 



f*) 



MP 



2F10:6/112 

2F3: 8/115 

2F3:6/H5 

3E2 1:9/75 

2E4:C/162 

2D7:6/32 

31)8:25/04 

3D8:23/(i4 

3D9: 17/04 

308:10/64 

3013:21/79 

3013:22/79 

3013:24/79 

3013:23/74 

30I3:l.'3/79 

2F7: 17/100 
3A 18: 10/38 
2014:13/45 
2 El: 9/140 



2F10:9/112 

2F3:6/U5 

2F3:3/U5 

3E21:9/75 

2E4:6/102 

3F2ri:«/90 
3 F 25:0/90 

2 E 17: 2/94 
2Al:25/45 
209:4/42 

2D9:22/42 



2F9:«/205 
5Al:(>/209 

2 E 17: 2/94 
2Cy:4/4l> 



2K3:2r>/ll5 
2 E4: I 2/ ion 
2K10:7/143 
0m:2l/id48 

3E0:21/01 

3Ii:i2:17/G9 

3U;i*.i;4/G9 



3E7: 20/02 

:iV'l:JA/ii2 

3K7:2/0L: 

3J"/:2;i/02 

:<rf:;!.V(i:-' 

:;i)!a;:2i/7n 

3))j;i:'.r..'/?i) 

31) i;*: 21/7 9 

3ni;i::^;i/79 
3ni;*:i;i/79 

:wi:i:2':>/T2 

3CM 4:7/107 

31)lf.:(i/l12 

aCI7:(i/20{> 

IK '1,'); 11/200 

30l7;i2/2(i(. 

3C17;27/20t. 

30l7;;i;'/2(.l. 

3014:1 1/HiY 

2Eir»:i!»/i41 

2Elf>:IS/l4i 

21)11:1^4/142 



2F1 0:1 0/00 
20r>:2:Vl57 
301.T; 17/112 

i;F7;17/lO(; 
3H32:10/,^>9 



2010:21/00 

3F7: 20/02 

3F7: 24/02 

3E7:2/e2 

3F7: 23/02 

3E7:4/02 

2017:7/78 

3013:21/79 

3013:22/79 

3013:24/79 

3n]3:;';i/79 

2F7:17/100 
31132:10/59 



CONDITIONS 



DORLK & CPR 
«f EXEC 



HES3 
EVH2 



IXJRLF & CPR 
& EXEC 

Soc Comment « 



PHMCMIX 
TWCR & 
PHMOMIX 
TWCR 



pinii 
PHI li 



S register bils 

mmo &. KWl) 
WdRI)& FWIJ 
WORU& OUT 



WOUI>& OUT 
MOO 14 /n 



JiBtum 1st 
half of 
control 
word to 
at ore 



Z — ^SJ 
WRITK 




UpdiUe 
address in 

f cond hall" oi 
control woi'<l 



VH8~L2 



Ucnuni updated 
control wo I'd 
to store, 

Dforenu-nt 

addKj.'^is by orso 




COMMENTS 



PHTH is active £or a miUtimer hesitation request (from the 
Data Flow plane) if no peripheral hesitation requests are 
waiting. 



WORD and BWD are activated by style register bits 21 and 22 
reap oc lively. 



(ECW-SAD) 

(EB-Sl")) 

(WRITE) 

EKSIN B 
EV117 



VH7 



(ECW-SAD) 

EKCEO 
(ESIN-H) 
(READ) 
(PAUSE) 

FLAX 

EENARX-l. 



GBKALL 

ESC22 



VH8 



VH6 & VH9: The address field of the second IkiU of the control 
woixl must be m)dated for possible use in the ncxl cycle of the 
Slow HfsjtHlioti saiuence. The original address is needed for 
the pie.sont cycle however and yo the updated addrc«s is 
dccromcntui by one for use later in this sequence. 




FC5fi 
VH25 






PHTVil indicates 
theD(*i;« Flow. 



v^ritxr lusitation requesi and is made in 






*^c 



rssuE 



ICL 



1904AK^n 
1904S 1903T 



SLOW HESITATION SEQUENCE (yH6-VH1o) 



FC53 
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(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX~K) 

(EBV/-K> 

EQBiP 

EQAJ B 

EijKM-B 

EQNQ-B 

EQRZ-i^ 

EQ-B 

(SC2-) 

(PLUS J ) 

(EAC) 

(KNAAy-L) 

(ENAKX-L) 

{EAAQ- L) 

(EAAQ L*) 

(EASX- L) 

(EAH-L) 

(I'CHliCK) 



VH8 



F!,AX 

KKNAKXL 

KLALL 

Ei:i»-so^ 

GHKA~lX' 



M.P. 



2F3:2r)/ll5 
2E21 ;9/75 
2E4:6/162 

2E17:^,JM 
3A32:9/59 



2F3:2r)/n5 
2F3:8/H5 
6D4:2 1/248 
2 E4: 12/1 62 
2Ein:7/l43 

3D29:25/li; 
3E3:*:I>/102 
3Fti.21/6i 
3 E4: 25/98 



3F7 :2«/62 

31^7:24/62 

3E7:2/62 

3F7:2:J/G2 

3E7:4/C2 

3K7:2r,/02 

2D J 7:7/78 

3Di:(::il/79 

3D13 22/79 

3Dl3:24/79 

3D1 3:23/79 

3DI3:15/79 

3D3:i;2/ll2 

3D24:8/109 

3D 13:10/79 

3CI4:7/167 

3D;il :5/73 

3K33:23A2 
3F33:7/72 
3133:21/72 
3Din:17/U2 



J'ilCEO 
(KCW-KAD) 
(Eil SO) 

Ul'SFJ, 
(ENAAQ J.) 
(KNAltX-1.) 
(isNAY/- ),) 
(liNAHX- L) 
(KAAf,! I,) 

(i;aaq ]/) 

(FlAli ).) 



(EAY-L) 
(KA/, !.) 
(EASX L) 
(KIIAJ K) 
([-:HKM- K) 
(EBNi'K) 
(EBQ K) 
(EBBX-K) 
(EliYZ-K) 
(S<.:22^ 
(PLUS 1) 
(EAC) 
(EQAQ-N) 
EQflX-N 
EQYZ- N 
E«^N 

EESIW-B 
EVii;:!5 

EVilAi 



,A 



m)2\) Ify/W 
3E3;i:l<»/)02 
31- 3:^:1 M/76 
2I-'7: 17/106 
3F('r2\/(i\ 
3K-1:^.'i/9H 



21-'3:8/i 15 
2 F3: 23/1 15 
2J-:21 :9/75 
2Ivl;C'lC2 

21)7:(;/3;; 
3CM:7/!(i7 

3r);ii s/23 



3i};ti 
3i);ii 



3) ;t;r 

3l'\!.'i 



^I,/73 

,/r.i 



3i-'33:r./7:; 

2F3:<;3 ■';:> 

3F;i:(;7/72 

3rV:l'(v'(i^ 

3l7:L>.i/Gli 

3i:7;2/(>li 

3F7::; 3/(32 

3E7:4/(i2 

3F7;25/G2 

3iJ;);2^Vll2 

31)1^4:8/109 

31)13:IG/79 

3KI:2Ai3 

3 El :7/rt3 

3K1.1C/83 

3 El :8/S3 

2); 1 7 -.2/94 
3A,(,-t:4/59 
JSB14:6/44 

>)'.{■{ ■.:■.> /\A 



CONDITIONS 



WORD & BWD 



WDFWD 
CHF 



WOim (t BWD 



BV\I) 

WOUI) a, BWD 



DOHIJ^^^ ri»H & 
EXFr 



WDBWl) 
CHF 



PH'rVH 



PHMC_MIXJ_ 

U'TYii t^WTUN 

PHiirMix * 
Wirti* 
i'im< Mi/ 



xf 




VH12 L4 



BIN-> M 
FANQ 
Set T 
Set L if 
BSTOP 
(Condition 
ally_ _ 



VHII L2 



N— >SJ 
REM) or 
READ / P 
if CHARIN 



1) Transfer character from 
peripheral to one character 
position of B and update count. 

2) Read transferring word from 
store to B. 



1) Overwrite one 
character of 
destination word 
with new character. 

2) Strobe one 
character of word 
to BOUT highway. 



3) Strobe one 

characte;- of woixl 
to BOUT highway, 
and update eoimt by 
one. 



VH12 L4 



BIN — >M 
Set T 
Set I, 
(Condition 
-ally) 



Return word to 
store 



VH12 14 



Bj— >K 
Set T 
Set L 
(Condition 
-ally) 



VH12 L4 



Bj — >K 
Set T 
(Condition 
-ally 



COMMENTS 



VH12: For an inwards word transfer (WDIN). the word Is 
transferred to B one character at a time, the count being 
updated by 1 for each loop. When the count equals 3, the 
complete word is written to store (VH13). 

VHll : For any other type of transfer, the transferring word 
is read from store to B. Hie store cycle is a read for 
character or outward transfer, and a read/pause for au 
inward or word travafer. 



VH12: For an inwaixl-s character transfer, the character is 
read from the BIN highway to one character positio n of the 
woi\i accessed in Villi. L is set if BSTOP & SG fc RCHG. 




If an outwards character transfer is to occur, the character 
is placet! at the entry to the BOUT highway (on K) ready for 
transfer at the exit slroV)e. 

An outwaixl woitl transfer is accomplishes! liy four cycles 
similar to that for an outward character transfer, but the 
character count must be uptlateti ijy 1 for each loop until 
Nj ;j. 



(TYPEJ 
KC6i; 



Read l.s. half 
of next control 
won! from store. 




K ^ 3 ->SJ 
RKAD 



VII);): Returns the transferring word to store. 



VHl-J; Reads the control woixl from store. If seatter- gather 
and rtx-luirge are iiHiuirod, -a < 3 is read. 



ISSUE 



IGL 



1904A MKH 
1904S,1903T 



SLOW HESITATION SEQUENCE (VHII-VHU) 



(EN-SAD) 
(ESIN-B) 
(READ) 

(PAUSE) 

EVH12 
EEBJ-K 



(PCHECK) 

EBIN-M 

EQ-BJ 

EM FAN 

CTNJUP 

(TPRIME) 

(PHL) 

HESXHDS 
(EBJ-K) 



2 El 1:3/93 

61M:21/24H 

2E4:12/l(i2 

2 i:i 0:7/143 

2UU:2r>/10« 
3D7:l7/7l 



EEB-SO 
GDI US 
EVH12 
EVil21 

EVIUO 

EVHI3 
EVin4 



(EN-SAD) 
(EB-SO) 
(WltlTK) 
HESXRDS 



3D15:7/112 

3E25:6/90 

3K 18:1 1/80 

3F28:17/107 

3D1 4:6/1 01 

2F9:23/265 

2F9:4/26r. 

2D9:3/42 
3E21:17/75 



CONDITIONS 



WUHD&OUT& 
INlfl'AUS 



2F7:17/106 
3D19:20/162 
2B14:25/44 
2CU:17/43 

3A14:22/39 

3B32:24/59 
2A20:7/10 



2 El 1:3/93 
2 £21:9/75 
21vl:ti/l02 
;I)9:3/42 



WORD & OUT" 
WORD 

Sci & B STOP K 

RCMG 

WORD & OUT 

OUT 



NJ 3 & WORD 
WDOUT & 

BSTOP 

EVH21 & MR & 
HES3 
Wi:)OUT 
MESX films &■ 
BSTOP 



EESIN-B 

EVIII4 

EVIi2l 



2Kl7:2/y4 
3A20:7/1(> 
2Cl!:17/j;( 



(KCW-SAD) 
KItCMOO 

FJtf.;i':i 

(JiEAD) 
(KliJ- K) 

(KSIN U) 

KgNiP 



OBKAIJ, 
KKIV-SO 



2F;):H/lir) 
1:3/1 IT) 

2FA'.12/\G^ 
3 K2 1:1 7/7!, 
6D1:21/21H 

;}n2:2C/Ml> 
;iF6:2l/tJI 

2F7:17/]00 



KVIIl-i 

sciyncnt; _ 
sc & ftcfic; 



(itCilG & SCi)\ 
fSG & RCIIt;) 



FC53 

SHEET30F5 



1) Transfer 3rd conirci 
word to N, 



2) Recharge first control 

word- 




<jED 



1) Read from addiess 
field of 3rd control 
word and vpdate 
addrcBs. 

2) Read second control 
word (copy) <u B. 



Write B to Btore local ion Z. 



VH16 L2 



REAO 
N -^iv 
PLUS 1 

SIN -^ B 



READ 



Z -~> SJ 

WRriE 




Read store at N addrt-rii--.. 



RE. 



Wi'jie the woi"c3 st'oossen 
in VH18 to Z I 1 aiHi updaie 
tho address. 



i 



!LJ 



VHIO L2 



Z M ^ SJ 
V/RITE 
N --= K 
PLUS 1 

Q -> iJ 







ISSUE 



ICL 



1904AMKn 
1904S 1903T 



COMMENTS 



VH15; For 9G, the third control word holds a link addreaa 
and must be transferred to N. 



For RCHG, the first control word is recharged from a copy 
of itself held in Z + 3. 



VH16: For SG, the address accessed in VH15 is entered and 
thle »ddrf3Ss updated by 1. 



For RCHG the copy of the second control word held in Z + 2 
Is read to B. 



VH17: The content of B is written to Z. For SG this will be 
the word read in VH16 and tor RCHG it will be the copy of the 
second control word. Thus at this beat (for RCHG), both the 
control words have been recharged from their copies held in 
Z + 2 and Z + :i. 



VH18: (SG only) the store Is accessed at the address in 
and the word icad lo li. 



VH19: This 
by 1. 



vord ij* writtetj to / < J and the addi-esH updalfi 



SLOW HESITATION SEQUENCE (yH15-VH19) 



FC53 

SHEhT 4 OF 5 



M.P. 



(PC HECK) 

(EN- SAD) 

PBCEO 

(READ) 

(CB-SC>) 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBQ-K) 

(EBRX-K) 

(EBYZ-K) 

EQAQ-N 

EQRX-N 

EQYZ-N 

EQ-N 



EESIN-B 

GNKIP 

ENKALL 



VH16 



(PCHECK) 

(EC\.'-SAri) 

FRCEl 

(ESIN-B) 

(READ) 

RESFL 

(EN-SAD) 

(ENAJ-K) 

(ENKQ-K) 

(ENRX-K) 

(ENYZ-K) 

PLUS 1 

EQNTP 

EQAQ-N 

EQRX-N 

EQYZ-N 

EQ-N 



KER-SO 



VH17 



(PCHECK) 
(EC W -SAD) 
(EB-S(J) 
(WIUTK) 

EVilLIl 

i;vi{ 1 

EESIN-Il 

VHld 

(KN-SAM) 
(i'lSlN H) 
(!{ |:A I ») 



GNKIP 

JiJNKAI.L 

Vjlli> 

(S'<.;ni,( K) 
(I-X-'W .HAD) 
(Kll ^Oj 

vnviA 

(UK AD) 

(KNAJ-K) 

(ENK(M\) 

(ENitX-K) 

(KNYZ-K) 

EQiUP 

EQAJ-B 

EQKM'U 

EQNQ-B 

fXiUZ (« 

(PLUS ]) 



3015:7/112 
2Ell:2/93 
2F3;8/115 
2 E4: 12/162 

3F7:26/e2 

3F7:24/«2 

3E7:2/62 

3F7:23/G2 

3EF:4/62 

3F7: 25/62 

3E 1:2/83 

3El:7/83 

606:26/83 

3E 1:8/83 



2E17:2/94 
3D9;10/G3 
3F8:7/64 



3D15:7/112 

2F3:25/nr. 

2F3:3/]ir, 

6m::n/248 

2E4: 12/102 

207:6/32 

2Ell:3/ya 
3D8; 25/64 
308; 23/04 
308:17/64 
308:10/64 
3O24:8/l0y 
3D2:26/82 
3E 1:2/8 J 
3El:7/83 
6D6: 26/83 
SET. 8/ 83 

2F7:17/106 



3015:7/112 
2F3;;>i)/ll5 
3E^l:fV75 
2E4:(i/Hi2 

2C1 1:17/43 
3AH:'iV:ii< 

21-;i7;L2/i)l 



2KI i:v';k» 

61 H: J 1/21 
2!vl:U'/l'; 

M0!):l('/6:i 
3K8:V/<il 



;)Di;j;V/i n; 

a K.n. :»//;> 
2v:<:b/i \:< 
:i !•■..<: a/ 11.. 
:^ivl:i2/ji>:' 

31)8:Hri/61 
3D3;23/t.'i 
308; 17/61 

;U)y: P>/(.4 

2017:7/78 

yoia-M/vy 

3D13:l'.'/iH 

3013:M/7it 

3i)i3;;^:</7y 

3i)l3:P>/V!> 
3D24:H/100 



CONOmONS 



ORLF & CPR 
& EXEC 



SG 
SG 

KVij:;i & UH ft 

iiEsa 

luviiia 



Updated address 
written to store. 




VH6 




Reset hesitation request 
register. 



Reload N register 
from store. 



Reload N register from 
A and load B from X + 1 



Reload N from P and B 
from X. 




Reset R 

and 
ESTOP 



Reload B from store. 



VH21 L2 



10 ->.SJ 
Reset 
BSTOP 
READ 

SIN->B 



A— > L 
Reset R 

Q— >N 
Reset 
BSTOP 
X* -^B 



P— >K 
Reset R 

Q— >N 

Reset 

BSTOP 




ENDHES- 




COMMENTS 



VH20: Is the final beat of the scatter-gather sequence. 



VH21 : The B aiul N registers are reloaded from a copy of 
their content at the time of entry to the hesitation sequence. 
The hesitation priority- race bistables are set by GHESPR. 



VH22: For certain orders, B is written to store {rather 
than an accumulator) at the time of the hesitation and this 
is re-loaded in VHZLi. 



HES: If another hesitation reciuest is outstanding, the 
sequence is re-^enlcrod at VH3. Othenvise exit occurs and 
the bistable E^fDlIES is set. 



ISSUE 



ICL 



t904Aiva<n 

1904S1903T 



SLOW HESITATION SEQUENCE (VH20-ENDHEs) 



FC53 

SHEET 5 OF 5 



(ECW-SAR) 

FRCEO 

FRCEl 

(EB-SO) 

(WRITE) 



GALALL 

EVH21 

EVRIO 



3D30:3/70 
2Cll:17/43 
3Al4:22/39 



2E17:2/94 



(FSADIO) 

FRCEl 

FRCE3 

(VRIO) 

(ESIN-B) 

(READ) 

(EPAJ-K) 

(EPKQ-K) 

(EPRX-K) 

(EPyZ-K) 

(EAAQ- L) 

(EAAQ-L*) 

(EASX- L) 

(EAR-L) 

(EAY-L) 

(EAZ-L) 

EHX-B 

EHX*B 

EQNIP 

EQAQ-N 

EQRX-N 

EQYZ-N 

EQ-N 



GHESPK 



GBKALL 

EVH22 

ENDUES 



M.P. 



2F3:25/115 
2F3:8/115 
2F3:3/115 
3E21:9/75 
2E4:6/162 



2F10:9/112 

2F3:3/115 

2F3:6/115 

3A27: 12/51 

eD4:2l/l48 

2E4:12/162 

3E9:3/66 

3E9:5/66 

3F9;25/66 

3F9: 23/66 

3B^33:25/72 

3F33:23/72 

3F33:7/72 

3F33:2l/72 

3F33:5/72 

3F33:3/72 

3F14:18/87 

3F18:18/80 

3D2:26/82 

3El:2/83 

3El:7/8;( 

3El;16/83 

3El:8/83 



CONDITIONS 



EVH21 & HE82 

RESFL 

EVa21 & HK ft 

HESS 

EVH2X & 1023 

EVH21 



2E1:9/140 



3F6:21/61 
3A32:4/59 
2C13:25/46 



(PC HECK) 

(FSAD9) 

FRCE.i 

FRCEO 

(ESIN-B) 

(READ) 

eqnIp 

EQAQ-N 

EQWX-N 

EQYZ N 

EQ'N 

(EBAJ-K) 

(EBKAM<) 

(EBNP-K) 

(EIK^K) 

(EBKX-K) 

(EBY Z-K) 

GHESPU 



EVH3 
ENDIIl'iS 



31) in:! 7/11 2 

2F10;6/112 

2K3:G/lirj 

2F3:8/nr> 

6D4: 23/24 8 

2E4:l2/ir,2 

3D2:2f)/8ii 

3E 1: 2/8.1 

3E1:7/8.J 

3E1: 16/83 

.'iKliH/HH 

■M-'l ■■M/ii2 

3 F7: 24/62 

;<K7:2/G2 

3F7:23/6:d 

3E7;4/G;i 

3 F7: 25/62 

2E1:9/140 



2Al:2&/45 
2C1 3:25/46 



1047 
UES2 



I023ylIES2 



I023vHES2l 



EVH22 

VRIO 

VRIO & HES 



HES fc TWCR 
HR 



(1) 



(1) Write B to accumulator X 

(1) and (2) Read destination address 
from 262, transfer branch address 
to A. 



Transfer destination address to N 



CfD" 



The jump instructions' stort iidi!i 
is transferred to B. 



The jump instruction acklress is written 
to the destination address N, and the 
destination address is incremented in 
the mill. 



The new destination address is written to 
262, and the branch address restored to 
registerN. 



Enti-y to jump instruction at V8 



/RG02\ 

( EXEC j 

XRDS2 




CG05-tI072-077 



ISSUE 



ICL 



VI L2 



X-^XAD 

262 -*SAD 
READ 
N -->K 

-qZ^a' 

B — >X 
<S1N-B) 



<2) 




VI 3 L2 



N->SAn 
EB-SO 
WRITE 
N— > K 
PLUS 1 
SC08 
M — > Q 



V14 L2 



262 -> SAD 
KB -»• SO 

wmiE 



M- 



1904AMKn 
1904S 1903T 







VIO L2 


262 ^> SAD 


READ 


N — >K 


M— >Q 




Q-->A 


(SIN->B) 







COMMENTS 



Relevant signals active in previous beat: EVIO, EESIN-B, 
ENKALL. 



(1) 



The updated operand x, in B, is returned to 
accumulator X, 



(1) & (2) The address in store, into which the store address 
of the successful jump instruction is to be stored, 
is read to B from absolute store location 262. The 
branch address (in register N from the jump 
instruction) is transferred to raster A, leaving 
register N available for subsequent operations. 



The destination address (in B, from 262) is transferred to 

N. 



The address of the jump instruction (in C) Is transferred 
toB. 



V13: 

The jump instruction address is written to store at the 
destination address N. The destination address is 
incremented in the mill {PLUS 1) and restored to regiHlo 
N so as to be available for monitoring of the next 
successful jump. 



V14: 

The uixfated destination address is written to 262, and 
the branch address (in A from VIO) is rcstor-ed to 
register N 



EXECUTIVE MONITORING ROUTINE 



FC54 

SHEET 1 0F 1 



(FSAD 202) 

(ESIN-B) 

(READ) 

(ENAJ-K) 

(ENKQ-K) 

(ENRX-K) 

(ENYZ-K) 

EM-Q 

ERX-XJ 

EBAZ-X 

EQAZ-A 

EVU 
GBKALL 



vn 



(PC HECK) 

(EBAJ-K) 

(EBKM-K) 

(EBNP-K) 

(EBVK) 

(EBRX-K) 

(EBY2-K) 

PFAIL 

DIE 

EM-Q 



EQNIP 

EQ-N 



EQAQ-N 
EQRX-N 
EQYZ-N 

EVli 



VI 2 



(ECAX-K) 

(ECY-K) 

(ECZ-K) 

EM-Q 

EQ-B 



EQAJ-B 
EQKM-B 
EQKQ-B 
KQliZ-B 



EVia 
EEB-SO 



ENKALL 
ESC 08 



VI :i 



(EN-SAD) 

(EB-SO) 

(WiiJTE) 

(ENAJ-K) 

(KNKQ-K) 

(ENRX-K) 

(ENY/-K) 

(Pl,USi) 

(S(V^t^} 

EM-g 

EQ-H 
KQAI Jl 
F:cjkM"B 
KQ]r/-H 

KVM 

EEB-SO 

CALALL 



VI 4 



(FSAl) 2(\J.) 

(EB SO) 

(VVIUTE) 

(EAAQ- I,) 

(EAK-L) 

(EASX-L) 

(EAY-L) 

(EA2-L) 

EM-C; 

EQ-N 

EQAQ-N 

EQRX-N 

EQYZ-N 

EV8 



M.P. 



2F10:I5/U2 

6D4:2l/248 

2E4:12/162 

3D8:25/64 

3D8:23/64 

3D8: 17/64 

3D8: 10/64 

3C14 ;23/167 

3F20;4/R 

3F25:8/90 

3F28:23/8l 

2A6:16/i4 
3F6:2l/61 



3Di5:17/ll2 

3F7 :26/62 

3 K7: 24/62 

3E7:2/62 

3K7:23/62 

3E7:4/62 

3F7:25/62 

6A6:21/2i4 

3B33:25/44 

3C14:23/107 

3D2:26/82 

3El:8/83 

3E1 :2/83 

3El:7/83 

3El:16/83 

3B1 1:10/15 



3E1U:10/G7 
3F10 2r)/67 
3F1 0:19/07 
3C14:23/1G7 
3Dl3:irj/79 
31)13:21/79 
3D 1 3:22/79 
31)13:24/79 
31)13:23/79 

2A1 8:3/16 
2F7:17/I0{i 
3FS:7/64 
3Ati:24/]7 



:>!■: 11:3/93 
31-;^, 1:9/7 5 
2 I'M :C /1 62 
31)8:25/64 
3DS:23/64 
3D8: 17/6.1 
3l)«:M)/G4 
31)24 :H/ 1 09 
2F10:L;ii/li:i 
3C1.1:;^:i./lG7 
3l)i:i:i;./V9 
3IU;).2i /79 
3l)i;;;'=^',^'79 
;i|)l 3:23/79 

2A7:9/lb 

2l"7:17/lO(; 
3D .'id:, '1/70 



2FH),1:./|I2 

3K21 :9/V^ 

2E4:0/IG2 

3F33:2&/72 

3F33:2l/72 

3K33:7/72 

3l'33:5/7;; 

3F33:3/72 

3C 14:23/1 67 

3Kt:8/83 

3El:2/83 

3El:7/83 

3E1: 16/83 

3A21:12/U 



CONDITIONS 



PGENsi RB24 
PFAIL. PCHECK 





























COMMENTS 


VOM^,.....^ 


MP 


CONOmONS 




Relevant slgnalb active in previous beat: MAN, INS, 


GXFM 


2D16.7/60 


MAN 




EVQM If HR RTl INTR 1117 1023 


F177F 


SDH: 26/1 04 


INS 




GDIA If INS 


ERX-XJ 


3F20;4/89 






GCKALL if INS 


EBAZ-X 


3F25:8/90 


EBAZ-X* 




ENEQV U INS 


EBAZ-X* 


3F25:6/90 


EBAZ-X 


/"^ /^egnK 




EHSl-K 


6D4:lti/248 


MAN 


fEOl\ P^^ 




EHS2-K 


2C2:9/141 


MAN 


I INS y VmAH/ 




EM-Q 


3C 14:23/167 




\:ry ^ 


'"^ 




EQ-BIP 


2D17:7/78 




T 






EQ-B 


3D13:l5/79 






1 










VQM: 


EQAJ-B 
EQKM-B 


3D13:2l/79 
3013:22/79 
3Dl3:24/79 






VQM Ll 




VQM Ll 
















EQNQ-B 




Write to ace. X any 


CALLX 




CALLX 


Write to acc.X any 


Prime F Register (MAN only) 


EQRZ-B 


3013:23/79 




result left In B from 


B-»X 




B -s-X 


result left in B from 


Prime F Register with *m (Insert only). ♦117 effectively 


(ECAX-K) 


3 E 10: 10/67 




orevious lust. Extract 


i:i}* 




H/Keys * 




overwrites any previous instruction code. VD£C is not 


(ECy-K) 


3F 10:25/67 




relative inat. addr. for 




K 


B,X,F,Mfrora 


produced In INSERT. Thus, F177 is not decoded and 


(ECZ-K) 


3 F 10 .19/67 


INS 


'<6' check in next beat. 


M ->Q 




M -»Q 


handkoys. 


therefore not acted upon in INSERT. 


(ED-L:1) 


3E21;25/75 






~ — 




- — z 




Address ace. from X Register and write B to X if required. 


(ED-L:2) 


3E21:22/75 






Q -»• B 




Q -* B 




Note that EBAZ - X or EBAZ - X* is made if previous 


(NfJQV) 


3E21: 12/75 






Load LS3 




X, F, M 




instruction requires this action. The conditions for the 


EM-LS3 


3E 19: 3/91 










production of these signals are decoded from the relevant 











instructions and appear on logic diagram WOH08/0095. 


EV9 


2A4:9/12 


INS 




/'x 


H MAN; 


GBKALL 


3F6:2l/61 






f VDECl 


a) Load instruction set up on handkey s to K highway. 


EVDEC 


3All:12/2 


MAN 






V / 










V9 Ll 


v_y 


b) Load X. F and M registers. 
















Teat relative addr. for 


B -> K (Fc. 1) 


c) VDEC in the Instruction Phase (FC. 1) is entered on 


V9 






'<8'. 


K TEST 












K < 8 




completion of VQM. 


(EBAJ-K) 


3F7:26/62 






-*HXOP 




If INSERT: 


(EBKM-K) 


3F7: 24/62 














(EBNP-K) 


3E7:2/62 










C toK 


The difference between the absolute 


(EBQ-K) 


3F7:23/62 










Datum to L 


address (in C) and Datum Is the 


(EBRX-K) 


3E7:4/62 










1 


Instr.Addr. ^ Datum 


Relative Addr. which we wish to 


(EBYZ-K) 


3F7: 25/62 




^/^^ 




check for <8 in the next beat. 


K < 8 


6A16:20A79 


If addr < 8 


^ K <- 8 ^^ K > a HXOP 


V9 is entered on completion of VQM. 


SIIXOP 


2El7:2l/94 


INS 


\(HXOP) >" \ 




(HXOP) 


3026:23/160 


SHXOP. K < 8 


^X^>^ 




V9: K ^ 8 generated in data flow if instr. address < 8. 


— 


— — „« 


— — — — 




1 










HXOP - Accumulator operation. 

VIO; Both (I) and (2) load the instruction set up on h/keys 
to the B Register. 

(1) Initiates signals for accumulator operation. 


EVIO 


2A5:9/13 


INS 


Gate instruction (1) 
from handkeys to 
Breg. 


VIO Ll 


(2) 


VIO Li 




H/Ky-*K 


H/Ky -^ K 
M -*Q 


VIO 






(EHS1;K*) 


2E2:6/141 


INS 










(2) Initiates signals for store operation, 


(EHS2;K) 


2E2;9/141 


INS 




; 




Z'zr ::r zz 






EM-Q 


3C 14: 23/1 67 






Q-*B 




Q ^.> B 






EQ-BIP 


2D17;7/7 8 












EQAJ-B 


3D13:15/79 
3D13;27/V9 


























EQKM-B 


3D13:22/7*J 












EQNQ-B 


3013:24/79 




Write handkey 
Instruction to store 


W\av Ll 




Vl/VWLl 




VI/VW: 

(1) Accumulator addressed from LS3 reg, and B — * X. 


EQRZ-B 


3013:23/79 




LS3 ^ XJ 

B - > X 


C -*SAD 
B -5- SOUT 


EVW 


3B3:18/3 


INS 


or ace. X. Increment 






wuri'E 




(2) Store addressed from C Register and B written to store 


EVl 


3A16; 12/13 


INS 


inet. addr. 


C ">^ K 
PLUS ] 




C ->K 
PLUS 1 

Q "> C 




Instruction address (in C reg.) incremented in mill and 

returut'd to C. 


EEC- SAD 
EEB-SO 


2F6: 18/92 

2F7:17/UKi 


INS. RXOP 
HXOP 


VI/VW 






















J 




EC-SAD 


3E10:9/167 
3E21:9/70 










EB-SO 


HXOP 








WI 


C5Dl:2l/285 


y^ 


^ 




U< 


C5Dl;22/^85 




(rJ 




ELS3-XJ 


3F19:G/91 


HXOP 




EBA'/-X 


3F2.'');8/<J0 


HXOP 


V^^ 




(ECAX-K) 


3E J 0:10/07 








(PLUS 1) 


3D24;b/]0!i 








EM-Q 


3C 14; 23/1 67 








EQAX C 


3E17: 12/85 


RESFL 






EOI 


2A16:15/4] 




ISSUE 


1 

Nov. 7i 


1 






















ICL 


1904A MK H 
t904S,1903T 


MANUAL AND INSERT SEQUENCES 


FC55 

SHEET 1 OF 1 



FC53/1 




TW & CR FC53/2 





VH23 L2 


Read control 


Z + 1-s-SJ 


word from 


READ 


store. 


1 




VH24 L2 


Transfer 


B -*K 


cent rol word 




to N. 










Q- 


> N 


; ... y< 


v'fj 





( SHG j 



N~*SJ 
READ 

PAUSE (IN) 




(b) 



Transfer 
carriage 
return code 
to B. 

Force *1G 
and ffin (o B. 




T/W ~>K 
FANQ 



Write incoming 
tharfictt-r to store 
and sciul doll a shift 
clutinclor to 
typowrilt'r. 



FKl - 5 
FANQ 



Q >B. 



C 




COMMENTS 



VH23: The m. b. half of the control word is read from store to B. 

VH25; Data read for outward. Data dest. access for inward word 
containing the *77 or ♦76/*32 is made available in_B. Entry will 
be made to VH31 if the transfer is outwards (i. e. IN). DELTA 
is set for an inwards transfer (if not already set). 



VH24: The address parts of the control word are transferred to 
Register N. 



TYKB 15 indicates that the operator's key pressed is in delta 
shift if bit 15 of the mill equals 1. 



VH27: The carriage return code is written into the destination 
word. 

VH29: Bits 1 to 5 of K are forced to all 1'b to give ♦7tJ. This is 
then fanned to all character positions of B. 




Write *lti to 

store. 



N -■-> S>1 

WKi'i 1-: 



V!i2H L2 



N -^ SJ 
WIUTK 
(if CU) 



F(:53/3 



ISSUE 



ICL 



1904AMKE 
1904S,1903T 



Vli'M: *7U is wi-itlon to store. 



ViI28: tJxil will oceiir after V1I28 via V1I21 of the SliC sequence. 



TYPEWRITER HESITATION SEQUENCE 
(VH23/25-VH28/30) 



FC56 

SflFFTIOF 2 



(ECW-SAD) 

FRCEO 

(ESIN-B) 

(READ) 

RESFL 




VH27 



EMFAN 

EQ-B.T 

EQ'R 

BOUT-TY 

(DFf,aA) 

EEB-St) 



VHLi8 



(EN-SAD) 
(EH Sf)) 
(UTtlTK) 

EIW-K 
HESXItDS 
EV1121 
EVltKi 



vii:^^) 



(EN SAD) 
(i;SIN 11) 
(UKAD) 
(PAUSK) 

RESFI, 



j':vn;'L> . 

KVli.d 

rj,ALI, 

1';i;nahx i 

KI.';15JK 
ENLXJV 

Vli2i} 

(i;Ki) 

(FK'i) 
(F'Kl) 

(FKr>) 

KMl'AN 

m n,\ 

(Pctir.cK) 
ke;b .St) 

vfi;i(t 

(EN-SAU) 

(witn R) 

(KB -SO) 
RKSt'h 



HESXKDS 

Kvmi 

EViULi 



MP 



2F3:25/n5 

2F3:8/115 

604:21/248 

2E4:12/162 

2D7:ti/32 



3F6:2l/<il 



2A 1:13/75 



3F28:J7/107 
3E18:9/80 
3E13:15/79 
2D8:7/252 
2E8; 13/252 

2F7:17/106 



2E1 1:3/1*3 
3E2Il9/7.^ 
2E4:G/1(>2 

3E21:17/75 
2139:3/42 
2C11; 17/43 
aK14:22/;}t) 



2Ell:3/i»3 
604 :ii 1/248 
2K4:12/l(J'! 
2fnO:7/l73 
-.i 1)7:0/ 3 2 



2Al;13/7 
3C 14: 15/1 ('.7 
3A33:2l/;i9 
3K32;1M/V(j 

3 1 >7: 17/7] 
31)20:17/107 



3n5:b/G8 

3i)5:2V<J8 

31)5;22/(iS 

31);j:2G/ti'.t 

31)5:4/(3!) 

3l'-2«: 17/107 

3I'n».lH/80 

31)i;5:].n/7 9 

;il>lo:l7/ll2 

2FV:7/10(; 



CONDITIONS 



DORLF&EXEC 
Si CPR 



TYES & PliC 
TYOUT 



BSTOP 
EVH21 & HESa 

& mi 



OUT 

IKWLF & EXEC 
& CPit 



OU'l 6:- Vh LTA 

OUT &- IVf; iTfA 

OU'J' 



3En;3/i*3 
2K7:ti/lt;2 
2l::Xl:9/7;> 
21)9:(i/;t? 

2 1)9: 3/ -12 

2C1 1:17/43 
3A 14:22/39 

3F32:l8/9<) 



IX:)JitF& KXKC 
& CPR 

BSfOP 

EVH21 i m;s3 
& Hit 



r' 



ToKi for *7b or *77 



Teal ior aipht and jJcSa shift 
ccsdes 



Bet DELTA bislahln 






r:ji--i: N address 



i Convi.it 2-5 < 
! *;« iim! set 



.£ 



I T.VTT 



Ta\ and sliift ! 



Strobe Wit put 
ch-uTfCter to 
conirot uiiit (A 
tj, pew liter and 
reset StDFl. 



ISSUt 



L' 



ICL 



VH31 L2 



Bj-s-K 
NEQV 
FLALL 



Q-».N 







VH32 L2 



Bj ->K 
NEQV 
FKl 
FLA LI, 





if N - ! 



N i^ I) V 1 ^> -. 




COMMENTS 



t904AMKlI 
1904S,1903T 



VH31: 

A test is made for *76 u'kI *77 (NEWLINE code). 



A test 1e made for *74 and +75 (alpha or beta shift code) and, if 
detected, exit is made via VH34 and VH21 of the SHC 



DELTA is set to indicate that the following chaiact-r is in 
dolta slul't code. SIC FT is also set to prevent printing action. 



SHIFT is set to prevent printing of the alpha or iJota shift 
co-^ies. 



VH35: 

N is forctid to 24 prcpai-atory to the formation of *32 in Vll3(j. 



SHIFT is made active to ensure that there 18 no ty|>ewnter 

printing action at this sta [.',('- 



*;.\,T-/N t-ati 



>uvt th." nOUE' highway) to m-i 



y^ ^1,.-!, () bit . .1 I^ii i' ' oi ,^- tv il'-- r--i:\i ^outcJ hi Mer 
j-c','. ^^ '->■' t-ic t'/,r'-v. .( .. i'jf , ''i. '-uT' Ihcn procC'TsJ with ihe 
•jiriiairi .etarn/'-u'A' ;iui> opcradon. The 8e<juens.'c exit;* via 
trhiil ot '.he SnC se.^.R'ti( e ab bolfi St; and IK tlO i-Ma vili bo 



as above but for *32 ; 



sharacter read from typeH'iiter' 



TYPEWRITER HESITATION SEQUENCE 
(VH31-VH37) 



FC56 

SHt£T2 0F2 



(ERJ~K) 

(EAAQ-L) 

(EAAQ-1,*) 

(EAK-l.) 

(EASX-I.) 

(EAY-L) 

(EAZ-L) 

(ENAAQ- L) 

(ENARX~L) 

(ENAYZ~1.) 

(NEQV) 

(EQ^N) 



(EQAC^H) 
(EQFtX-N) 

FLALL 
EENAKX-L 
ENEQV 
EEI31-K 



VH32 



(EB.T-K) 

(ENAAQ- L) 

(ENARX-L) 

(ENAVZ- L) 

(EAAQ- L) 

(EAAQ-L*) 

(EAR-L) 

(EASX-L) 

{FAY-h) 

(EAZ-L) 

(FKl) 

(NEQV) 

EQ-N 



EQAQ N 
EgJlX-N 



EVII33 
EVH3'i 



TyKir> 

(RUT IT) 
(DDLTA) 

EVli2! 

EV H ! a 



(SiiiKT; 

H:vii:r; 



KV!J:.V! 

i!;vHio 



Vii3;> 

Vi I ,'{(', 

1 EM KAN 
i FQAJ-iJ 

eqhqJ'b 

EQRZ" B 

EQ-L5 

(DEI/i'A) 

EEJlj~K 



BmjT-TY 



MR 



3E2l:17/75 

3F23:2r>/72 

3F33:23/72 

3F33:2l/72 

3 F2 3:7/7 2 

3F33:5/72 

3F33:3/72 

3C14:7/J67 

3031:5/7 3 

3D3l:75/73 

3E21;12/75 

3E1:8/S3 

3 El :2/83 

3K1 :7/«:t 

3F32:l«/76 
3 £33:20/102 
3D20;17/107 
3D7:17/7l 



3E2J:17/75 

3C14;7/1G7 

3D 3 1:5/7 3 

3D31 ;25/73 

3 F3 3:25/7 2 

3F33;£3/72 

3F33:2l/72 

3F33:7/72 

3F33:r>/72 

3F33:3/72 

3D5:H/(>8 

3E2J:12/72 

3K1:8/H3 

3t:i:2/83 

3E1:7/H3 

3A33 ;8/r)9 
3H33:13/44 



2Kt!;r)/2r,2 
2 Kb: 20/252 
2KH;L-t/252 



2C! 1:17/43 

3A 14:2 2/39 



2)';h:20/:^; 

2HI:!2/r,l 



2*! I ■.S7/43 
3Al);22/3i) 



21>.H :2T*./-(i- 

31>5:8/u8 

3F3e,t>/107 

2l)17;7/7H 

3Dl3;2l/79 

3l;jy:22/79 

ap! 3 124/79 

3Di;j:2.V79 

:]n!:;:K)/79 

2(';8:ia,'!252 

2B! : 12/50 
3t>7; 17/71 



3E2l.I'V75 
2DS:7/252 



2C]i:!7/43 
,T,\,i4.22/39 



CONDITIONS 



NO - 5 1 
NO - 5 ° l"i 
NO - 5 =^ O' 
NO - 5 = 



HKTOP _ 

Kvn2t i-iir^sTi 
& nit 



NO - 5j.^t 

NO - "5 ."T ■ 

EVII21 & HE.S3 

H' im 



TYES «. PHC I 

BSTOP ^ 

EVH21 & HES3 | 



General machine reset 



Gen oral 
M/C reset 



Coir -nents 
Set FRZ 



Entry to Executive 



VFCi LI 



EXEC 
16 ->K 
Q — >C 



COMMENTS 



Operation of the FREEZE key generates KFRZ. setting the 
FRZ bistable. Various regietterB and bistables in the 
system are reset and an entry is made to Executive at 
store location 16. The activity in the machine ie as 
follows: 



VRESET : 

RESETS: EXEC, RTINT. EIHES. I117L. I023L. INT. 
HES, PM, INTMOVE. RPl, ASTAT, FLGl, FLG2, FLG3, 
FLG4. ZS. ZSINT. BSTOP, DUMMYOV, HXIN, HXOP, 
FORCRTl, RTI bistables; data flow registers P, D and G; 
I174PAC, MILLRDY and real time clock; store control 
bistables, SHC, C, L, No, T, A and B bistables and SR64/65 
PIF control and status bistables; typewriter control 
bistables. 



VFCI: At the start of this beat the machine clock is 
restarted. EXEC is set and entry made to Executive at 
address 16. 



The FREEZE sequence is used where it is required to 
place the machine in a suitable condition for restarting 
after a fault has been detected. 



ISSUE 



1 

Nov. 72 



ICL 



1904AMKn 
1904S,1903T 



MP 



CONDITIONS 



Various bistables are reset m this 
beat - see Comments. 



(FRZ) 



FREEZE SEQUENCE 



FC58 

SHEET 10F1 



3D6:26/69 
2C1:23/144 
3A 1 7:2/85 
3E1 7:12/85 
3El7:lG/85 



General machine reset 



VREST 



General 
m/c reset 



Comments 

Set 

CRST 



Form 128+2 "N" in N 



VFCl U 



64 -J»K 
Handkeys 

SHL 



Form 256 + 4 "N" in N 



N— >K 
SHL 



Tranttfer haixikcya to B 



Handkeys 



Read 256 ^ 4"N" from store 
form 256 + 4"N" < 1 in N 



VFC4 1.1 



N-">SAI) 
WiilTE 
N -J^K 
PLUS I 



Q — >N 



ISSUE 



ICL 



1904AMK]r 
1904S 1903T 



COMMENTS 



Operation of the CREST key generates KCRST, setting the 
CRST bisUblo. Various registers and bistables in the 
system are reset, these being: 



VRESET: 



EXEC. RTINT, EIHES, I317L, ZS. I023L. INT. 

HES, PM, INTMOVE, RPT, ASTAT, FLGl. FLG2, FLG3, 
FLG4, ZSINT, BSTOP, DUMMYOV, HXIN, HXOP, 
FORCRTl and RTI bistables; data flow registers P, D and 
G; I174PAC, MILLRDY and real time clock; store control 
bistables, SHC, C, L, No, T, A and R bistables and SRG4/ 
65; PIF control a. id statue bistables; typewriter control 
bistables. 



VFCl: The address set up on the handkeys ("N") is gated to 
the mill along with the constant 64. The mill output is then 
shifted one place left, effectively multiplying the mill output 
by 2 to give 128 + 2"N", which is strobed via Q to N. 



VFC2: The content of N is again shifted left one place to 
give 256 + 4N. 



VFC3: The Style field of the instruction on the handUeyB is 
strobed to bits 15 to 23 of li and bits to 14 aro cloarc^d. 



VFC'J; Tiio style fieUi in Bl.> lo Z'A is written to addi^.ss 
256 ' 4"N" in store to form jxtit of the first cunliol wuixl. 
25u t 4"N" ^ 1 is then fornusl in N to give the address for 
the second control worxi. 



CRbST SEQUENCE 



FC59 

SHErr 1 OF 2 



f^^^^iJ~^ 



"SIGNAL' 



CONDITIONS 



Various bistables nro reset in thio beat - 
SCO Comments (CRST). 



(FK6) 


3E5:2/69 


SHL 


3D33;8/102 


EQNIP 


3D2:26/82 


EQAg-N 


3El;2/83 


EQRX-N 


3El:7/83 


EQYZ-N 


3El:16/83 


EVFC2 


3A26:18/49 


GNKIP 


3D9:10/6;t 


ENKALL 


3F8:7/G1 


ENKQ-K 


Sheet 64 




EQAQ-N 
EIVRX-N 
EQYZ-N 



EQBIP 
EQAJ-B 



EQKM-B 



EQHZ-R 
EQ-IJ 



ENKALL 

E ENKQ-K 



(EN-SAD) 

{I'M SO) 

{\V!UTK) 

(KNAJ-K) 

(ENKQ-K) 

(KNHX-K) 

(ENYZ-K) 

(PLU S 1) 

KQNIP 



KQAC^ N 
EQHX-N 
EQYZ-N 



308:25/64 
3D8:23/64 
308:17/64 
308:10/64 
3D33:8/t02 
302:26/82 
3 El :2/83 
3Et :7/83 

;jki:16/8:j 



2017:7/78 
3013:21/79 
3013:22/79 
3013:24/79 
3012:23/79 
3D1 3:15/79 



217:17/106 

3K8:7/64 
Sheet 64 



21-1 i:3/03 
m-rZ] :9/75 
2i;4:6/l62 
308:25/64 

308; 17/61 
31)8:10/04 
3024:8/1 Of) 
3n2::i(;/82 
3FI :2/8;! 
3!:] :7/m;) 
3 LI ;l(i/H;t 




Q -* B 






Makes *37 fo.- 'Read' 



VFC7 IJ ' 

~— 1 

Haridkey;;' 



Q -> N 



s<Mvd ^T' and 



N-^ BADJ 
B -> K I 

! 

T ' 

\ 



"■^ 






^< Hi-:y 






< ^^'^ >- 






vUtiv.:' 



-/i-r tin .• : 



L ^ 






j 



JNov. 72j 






MKH 

1903T 



CONHtNrS 



JVFC5 , 



VFC5; '^20 (£^16) is formed in Register B by forcing the K 
highway (bit 4) to 1. This will form in B the first store 
address for the incoming bootstrap. Bits 0-14 of B are 
cleared. 



VFC6: The address (16) formed In VFC5 is written to 

256 + 4N + 1 and the constant 31 {•37) is formed in B. This 

is the START code for the input peripheral. 



VFC7: The control word from the handkeys is again strobed 
to Register N, giving the peripheral address 'N' in the 1. s. 6 
bits of that register. 



VFC8: The input device is addressed via the BAD linos from 
Register N, raising the peripheral's A line, and tho C line is 
raised. This means that information on the Do lineti will be 
treated as a control code rather than data. 



JGN . Al 



EQHIP 



KQAI-B 

eqkm4j 



KQNQ-a 
KQUZ-H 

EEM-SO 
FLALL 
EKNAllX-L 



VFC6 



VFC7 



EQNIF 

EQAQ-N 

EQHX-N 

f;q- n 

GBKALL 

EVFC8 
GOUELAY 
GOST2 
GDLA 



FCB 

i 

EN- HA! J 

I (rill) 

(EBAJ-K) 

(KP^KM K) 

j(EBNP-K) 

j(i:BQ~K) 

(i;!i)<X-K) 

h:E\i\7.-i<) 
t ■ 

UVFCIO' 
jGUil'S 

Ifvfcu 

j Vttij iht H Utt^ihtei lb clLa, .-d :is the peripnoja! will |Vi c n 

j L.i\^ " uoi a ' t - t .. 111.'' (I in thi i 'I'. i I.'' U V u I 
I li< . 1 .,.'iiti .Jj ].> riwn ,i-vstinie Vrr H' ,!!,<! -M li f' 

! .'t'tc^ -Ho ) u. A ')'.' w "1 f -.t.v -^ ri.i k 'o VI *. t 'i J ' ) 

' V , It ) n ■. t g^ M 

1 (.^ ,1 Is 



M.P 



3D5:20/G9 

2D17:7/7W 

3ni3;2l/79 

31)13:22/79 

3i)l3:24/79 

31)13:23/79 

31)13: If. /7 9 

2F7:17/l(Hi 
3F32:18/7li 
3E33:20/102 



3E21:9/75 

2E4:6/i62 

31>5:4/Gy 

3F33:25/72 

3F 33: 23/7 2 

3F33:21/72 

3F33:7/72 

3F33:5/72 

3F33:3/72 

3C14:7/Ui7 

3D31:5/73 

3031:25/73 

2017:7/78 

3D31;2i/79 

3D13:22/79 

3013:24/79 

3013:23/79 

3013:15/79 



3FG:2l/{il 



302:20/82 
3Eli2/83 
3El:7/83 
2El-.8/8a 
3F6:21/61 



3021:21/163 
3F31: 18/74 



3K2tt:20/i08 

2F9:(>/:i^r' 

2F'J:2/2iyo 

3F7:2l./(-^ 

3 K2 1:15/132 

3F17;24/f;'^ 

3F7:23/!;;' 

3K7:4/<i- 

3K7:2:^/:'(i 

21i/:13/:;i> 
3j)i9:2fi/jG2 



31 u i '!, '> 

;'0J ' ^ -') 
3i)i . : ^ ;) 

3<)i>l I ./ :> 



CONDITfONS 






.L_.„..„L„. ! _....- 

CREST SEQUENCE 



TFC59 



;Of 2 



H 



LOAD CONTROL WOHDS 
(FC205) 




COMMENTS 



Priorities are striAied at PATP locations on the chart to 
allow time-sharing between peripiierals and between data 
buffers. 

The R line of the priority peripheral is active and the R 
Stat is set. STEP 1 is entered. 

Load control word 1 (CWl ) 

IFS Stat set. Allows entry to STEP 2 

Load control word (CWO) 

CWL Stat set. Allows entry to Step 3 or 5 

Permits transfer of the next word. 

Style bit 23 ^ Inward Transfer 
Style bit 23 - 1 Outward Transfer 

Outw ar d Tiansfer 

Read data from store into data buffer. 
Update CWi. 

IFS Stat set. Allov.s entry to Step 4. 

Update CWO 

Inward Transfer 

CWO Updated. Woi-d transferred from peripheral to data 
buffer, 

A Stat set. Allows entry to Step 6. 

Store write cycle initiated. Data woi'd transferred to store. 
CWl UiJdated. 

If peripheral terminates thu transfer, entry is made direct 
to Steps 7 and 8. 

CT Stat sots when one block of dala words have been 
tran.sferred. Allows entry to Stops 7 and 8. 

Unload CWl 

CWL Stat unset. Allows entiy to Step 8. 

Unload CWO 



SIGNAL 



PATP 

PARSMIX 

PA IFS 

PA CWL 

PACT 

PAK2;< 

PAASin- 

PAPT 

PACT 

PAK23 



MP 



PACWI, 
PAPT 



PT slat unset 
CT Stat uns 



et 1 Allows entry to Step 1 
ot j For next block transfer. 



ISSUE 



ICL 



t904A/S 
1903T 



RA.C. INWARD/ OUTWARD TRANSFER, 



FC2CX^ 



11*20:2.') 

1C21:9 

lAn:15 

1DI3:16 

1D12:I6 

1A16:20 

lE2«:lti 

1DII:1G 

1D12:12 

^4:12 

1D13:12 

1D1I:12 



ED REF 
WCH03fN 



1 3 OT 
25 Ql 

2 VN 
lOIF 
10 VF 
M VI' 
21 IP 
10 IP 
10 TD 
81 Sit 
10 GO 
10 ON 



PATP 
PARSMDC 



LOAD CO^fTROL 
WORDS (FC.205) 



STEP 2 
PATP 




OUTWARD 
TRANSFER 
(FC.206) 



CONTROL WORD 
R EC MARGE 



STEP 4 
PATP 





STEP 10 

PA IP 



PA IKS CONTROL 
WORD 
RECHARGE 
(EC. 209) 



STEP 7 
PATP 



UNLOAD CONTROL 
WORDS (FC.208) 



STEP 8 
PATP 



PAP l- 
PACT 



KSn OE TRANSFFR 



ISSUE 



ICL 



1904 A/S 
1903T 



SICNAi. 



STEP 1 

PAlFS 

STEP 2 

PACWL 

PAK23 

PACT 

STEP 3 

PAIFS 
STEP 4 
PAPT 

PAPT 
PACT 



PACT 



PACWR 
PACWa 

STEP 9 

PA IKS 
STEP 10 

PAcfr 

STEP 7 
PACWL 
STEl^ 8 

PACI^ 



COMMENTS 



SIGNAL 



PrioritieB are strobed at PATP locations on the 
ch»»rt to allow time sharing to take place between 
peripherals and betwcun data buffers. 

The R line of the priority peripheral is active and 
the R Stat, is set. STEP 1 is entered. 

Load control word 1 (CWl). 

IFS Stat. set. Allows entry to STEP 2. 

Load control word 0. 

CWL Stat, set - allows entry to STEP 3. 

Style bit 23 =^ 1. Outward transfer. 

Permits transfer of the next word. 

Read data from store into data buffer. Update 
CWl. 

IFS Stat. set. Allows entry to STEP 4. 

Update CWO. 

The peripheral has not terminated the transfer 
as sufficient repetitions of the data block have not 
yet been made. 

Peripheral terminates. Enter STEP 7. 

When the CT stat. is in the unset state at the end 
of a STEP 3, 4 sequence, the sequence is re- 
entered because a complete block has not yet been 
transferred to the peripheral, but when the stat. 
unsets at the end of a STEP 9, 10 sequence, entrj' 
to the STEP 3, 4 sequence is made to initiate a 
repeat transfer of the previous block. 

Count terminates. End of block. Enter CWR 
routine. 

Style bit 19 - 0. Transfer not CWR mode. 

Style bit 19-1. Transfer is CWR mode. 
Enables entry to STEP 9. 

CWl is replaced by CW3. 

IFS stat. set. Allows entry to STEP 10. 

CWO is replaced by C\V2. 

CT stat. unset. Allows entry to STEP 3. 
iiepeat the block transfer. 



PARSMDC 

PAIFS 

PACWL 

PAK23 

PACT 

PAPT 

PACW R 

PACT 

PAPT 

PACWL 



M.P. 



1C21:9 

LA17:15 

1D13:16 

1A16:20 

1D12:16 

lDli:lC 

1A21:H) 

1D12:12 

1D11.12 

1D13:12 



Unload CWl. 

CWL slat, unset Alio 

Unload CWO. 



i entry to STEP 8. 



PT stal. unset, ) Allows entry to S'i'EP 1 
Cr slat, unset. ) for next block transfer. 



RA.C. OUTWARD TRANSFER WITH CWR. 



FC201 




FUNCT'ON 



PA IP 

PARSMIX 

STEP 1 

PAIFS 

STEP 2 

PACWL 

PAK23 

PAK 23 

PACT 

STEP 3 
PAIFS 
STEP 4 

STEP 5 
PAASET 
STEP 6 

PAFr 
PAPT 
PACT 
PACT 

PACtlSW 
PACUSW 

STEP 11 
PACWL 
STEP J 2 

PASEQ 

STl:;i' 13 

paTi's 

STEP M 

PA2i'-S 
STKl' iri 
PAIFS 
Sl'KP Hi 

sri'.:i' 7 

I'Ar'wi, 

STi;i' 8 

I'AVj- 
PA CI 



ISSUE 



! Nov.?; 



ICL 



1904A/S 
1903T 



I 



COMMENTS 



Priorities are strobed at PATP locations on the chart to allow 
time sharing to take place. 

Priority peripheral hae raised its U line. 
Allow entry to STEP 1. 

Load Control Word 1 (CWl). 

IFS Stat. set. Allows entry to STEP 2, 

Load Control Word (CWO). 

CWL Stat. set. Allows entry to STEPS 3 or 5. 

Style bit 23 --^ 0. Inward Transfer. 

Style bit 23 == 1. Outward Transfer. 

Permits transfer of next word. 

OUTW^AJJD THANSFER 

Read data from store into data buffer. Update CWl. 

IFS Stat. set. ATlows entry to STEP 4. 

Update CWO. 

INWAKD TRANSFER 

Update CWO. Word transferred from peripheral to data buffer. 

A Stat. set. Allows entry to STEP 6. 

Store write cycle initiated. Data word transferred to store. 
Update CWl. 

Peripheral terminate has nol occurred. 

Peripheral terminate has occurred. Allows entry to STEP 7. 

Count terminate has not occurred. Transfer continues. 

Count terminated. Enter GRSW step sequence unless transfci 
is completed i. e. unless PAQ 18 has been changed to an 'O' bit. 

Stylo bit 18 0. Not CUS'W Mode. 

Style Ijit 1« 1. GRSW Modo. 
Allows entry to STEP 11. 

Contents of CW3 transferred to CWl buffer. 

CWL slat, unset. Allows entry to STEP 12. 

CWl addresses store. Data transferred from store to data 
buffer. CWl updated. 

SEQ slat. set. Allows entry to STEP 13. 

Data Iransfej'fed from data buffer to CWO buffer. 

IKS slat, unset. Allows entry to STEP M. 

CVV] addi-tisscs store. Data transferred from store to data 
buffer. CWl updated. 

2I''S Stat. sot. Allows entry to STEP 15. 

A(klri.:ss in CW 1 biifler written to store at address CW3. 

II'S Stat. set. Allows entry to STEP IG. 

Data trantiferred from data buffer to CWl buffer. CWL st:ii. 
is uav: set ulticli allows anotlu'i' transfer to take place. 



Unload CW'i. 

CWf, Stat, luise 

Unload CWO. 

P'j' slat, unsft 
CI' Htal. unset 



Allows entry to S'J'KP H. 



Allows entry to S'l'EP 1 
for next Itb'ck transfer. 



SIGNAL 



PAIiSMIX 

PAIFS 

PACWL 

PAK23 

PAK23 

PACl 

PACT 

PAPT 

PAASET 

PAPT 

PAGllSW 

PAGRSW 

PACWL 

PAIFS 

PASEQ 

PA2FS 
PATP 



RA.C. INWARD/OUTWARD TRANSFER 
WITH G.R.S.W. 



FC202 



MP 



20 



1C21;! 

1A17: 

1D13; 

1A16:: 

1A4 12 

lDl2:lti 

1DJ2:12 

1D11:12 

lE2»:lti 

11)11:10 

1B21:12 

lB21:ie 

1013:12 

1A17:13 

1A17:G 

1A17:7 
1B20:25 



E D Rtf 

WC.H03 f N 



25 <^1 
2 VN 
10 IF 
84 VP 
til SU 
10 VK 
10 TD 
10 CN 
21 IP 
]0 Hi 
120 CD 
120 IF 
10 CD 
2 UN 
2 <)V 

2 NR 
13 0T 



LOAD CONTROL 
WOitl)S (FC205) 




I 1 

STEP 3 






PAl] 


\S 


STE}' 4 
PATl^ 





TRANSFER 
(FC20G) 




UNLOAD 
CON'IKOL 

WORDS 
(FC208) 



CWR 

MODli , 

fc;mo 
Ft:; 11 
FC i;i2 



STKP 7 
I 'ATI' 



I'ATl^ 



PAC'WL PACVV 

. ][ . , I 



STlvP IL^ 



S'l lA' i;j 



I^AIFS IpaK S 

LZL . i . 



tiHSW 



|PA2FS ipA2 

Ipaifs !pa! fs 

KTl-;i' 16 



PA'I'P 



^APT 

PACT 



END OF TRANS FER 



jpACVVL 



SIGNAL 



STEP 1 
PAIFS 
STEP 2 
PACWL 



PAK23 
PACT 



STEP 3 
PA J FS 
ST EP 4 
PA FT 
PAPT 

PACT 



PAQ19 
(PACWR) 



PAQl 8 
(PAGRSW) 



COMMENTS 



STEP 11 
KTFF 11a 



ICL 



I'ACWL 
S'l Fl' IZ 

,S1'KP 1j:;i 

FASIX^ 
.STEP i:i 
STEl^ i:!:i 
PAIFS 
STEP li 

S'fFP l-!;« 

FA:UvS 
STI::p [5 



1 '.V 1 I'S 


STFJ^ u: 


stj;f li) 


FACWl, 


sri')' V 


\'AC\V]. 


Si'l'IP H 


FAP'I 


PA{"J' 



1904 A/S 
1903T 



:i::i:j: 



Priorities are strobed at PATP locations to a'lnw time 
sharing to take place. 

Priority peripheral has raised its R line. Allows onlry to 

STEPl 

Load Control word 1 (CWl) 

IFS Stat set. Allows entrj to STEP 2 

Load control word (CWO) 

CWL Stat set. Allous entry to STEP 3, 



Style bit 23 ^ 1 Outwai-d Transfer. 
Permits transfer of next woixi 



Road data from f ^ore into data buffer. Updalo CWi 

IFS Stat set. Allows entry to STEP 4 

Update CWO. 

Peripheral has not terminated. Continue the transfer. 

Peripheral has terminated. The transfer is completed. 

Enter STEP 7. 

The count has not terminated. Enter STEP 3 and transfer 

the nexl data word. 

The count has terminated. Continue transfer accoixiing to 

the state of style bit 19 (PAQl 9) of the current control 

word CWO as follows 

1) If PAQI9 More data is required to complete a block 
Continue the transfer in GRSW mode. 

2) if PAQ] 9 = 1 Recharge the control woixls and repeat 
the block transfer to the peripheral. 

Bit IS - 1. Enables entry to STEPS 11 to 16. 



Address store at location l^fiB ■ -IN i ii (fU'ii) and It-ansici 

word to CWl hufivi 

Addre;!.s slor'; at location 2Mj i 4 N ' 2 (CW2) ami tianslcrt 

word to CWI Iniffer 

Conlfol words unJoadtxt. Allows (iiiUy to S'i'FI^ 12 or 12a 

Addro^-s stuc'.' fruiii cnvi. Read K t 2 into data hidl\.-r. 

Upflaic CWl I o ^i VI- address of I { > :t. 

Addn'ss store 1 ioni CWl Read K info data buffer. Uidatc 

CWl to give address of R * ). 

SFQ Stat s.'t alfnv's entry to 8TFI' 13 or 13a 

Transit 1 ilt-rii K i 2 from data buffer to CWu buKcr 

TraiLsfoi' ilrni !l froin daia huHor to CWU butt. i. 

IFSSlal set. Allows en ry into S'lFl' I ■! or Da 

AcidiTss store Iron: CWJ . Head i(rin R * 3 to (iata butfci'. 

Uixiato CWl to give addross, of ilcjn R • 4. V'nset i FS sta 

Address store from CWl. Rrad itcin R ' I to data buHci-. 

Ul.(Uif.: cnV! lo givr address' ofR ' :'., Unsrl II'S stal. 

'AVIS slat s^.'t. Allows entry to STl'i' IT) or 1 r)a 

Ad<iress store fj'oir, H - enctxto a ad write addixss of J{ < i 

in !(K'a!ion Abi^ i -3 N > 3 (CW3) 

Addie;s,s stotr Irosi! R-^eilcCKte ai:d write add tt-.s:, of It * 2 i 

locatti.n ^^ra; . 4N , 3 (CW3) 

) FS siat set. Allows entry to STt;," If. or 1 Ga 

Tran.sl\'i item H ' 3 from data Indler to CWl biiflei . 

TransTej- iirni U i 1 from data hulfor .'o CWl biifier. 

Control woAds loa.itjd - allows entry to STEP 3. 

Unload (A\3 

CWL stal unset. Allows entry to STEl' s 

Ihiload CWO 

in' Stat unset ) AHowh entry te, STEP 1 

C'l stal uns.'t ) for nc.vl bl(x;k transfei". 



PATP 

PARSMIX 

PAIFS 

PACWL 

PAK23 

PACT 

PAPT 

PAGRSW 

PACWR 

PAS Eg 

PA2KS 

PACT 



SIGNAL 



PACW l." 
PAPT 



PAC. G.R.S.W. WITH CWR. 



FC203 



1B20:25 
1C21: 9 
1A17:15 
ID13;16 
lAlti:20 
ini2:l<i 
IDll AG 
lB21:t6 
lAZlIf) 
1A17: tJ 
1A17: 7 

1D12;12 
101 3; 12 
mil 12 



MP- 



E.D REF 
WGH03 FN 



13 or 

25 Ql 
2 VN 
10 IK 
84 VP 
H) VF 
10 IP 
120 IF 
120 IP 
2 OU 
2 NR 
10 TU 
10 GI) 
If) C.N 



SIGNAL 



LOAD CONTROL WORDS 
{FC205} 




UNLOA') ^.:^^: I'UOl, WORDS 
(FC20ri) 



ISSUE 



JNov.^ 



ICL 



1904A/S 
1903T 



~-f- 



COMMENTS 



Prioiitlos are slrobod where PATP occurs on the flow 
chart to allovv time sharing brlwern peripherals and between 
data Ijuffers. 

The R line of peripheral 24 is active and the R stat is set. 
STEP 1 is entertHi. 

Load control word 1 (CWl) 

IFS Stat set. Allows entry to STEP 2. 

Load control word (CWO) 

CWL Stat set Indicating that the control words are loaded. 
Allows entry to STEP 3 or 5, 

Style bit 23 is a 1 bit indicating an outward Iranstor. 

Style bit 23 is an bit, indicating an inward tranHfcr. 

NOTE:- When a transfer commences, if the count word is 
not a complete multiple of 8, then normal transfer procedure 
is followed until the count word becomes a direct multiple- of 
eight and thereafter the transfer proceeds us indicated 
below. 

OUTWAItD T iiA NSFER 

Data transferred from store to the peripheral. 

Inhibits the IFS stat when less than eight words have been 
transferred. 

Enables entry to STEP 4 every eight woi-d. 

Updates Ihe count word by eight. 



INWARD TRANSFER 

Control word CWu updattni, 

A stat Sft. Allows entry to STKl' G. 

Data word tniruiferred from pciipheral to ston*. 

InhibKs entry to SPr> which causes STFI' G to hv re-enterul 
when data iias been retcjvLid I rotn peripheral 

Occur.s after each eight word transfer, Alknvt- i;ntry to 
STKi' 5 which ujxiales the count by eight. 

PT stat unset. Transfur is not i)eripheral tfi'jninaltfl. 

PT stai set. Transier is tenuinatcd. Allows c,.lry lo 
STKP 7. 

CT staS unset. Transfer is luit rount Icrniinalctl. I':ntri- 
STKPS :i .'ind 4 for transfer ol nvx\ eit;ht words. 

C'J" stilt set. Transfer is tcni.innUtl. Allows enl ry lo 
STi;l' 7. 

Unload CWl. 

CWL stat unset. Allows enl ty to STKP H. 

Unloiid CWO. 

I')' s!:!! unset ) Allow:.- enli-y lo STKI' 1 
(.'T Ktal unset ) ioi- next Mork iriiiiHtrr. 



SIGNAL 



MP 



E.D REF 
WGHQ3 FN 



PATP 

PARSMIX 

PA IFS 

PACWI. 

PACWL 

PAK2.t 

PAK2;{ 

PAASKT 

PA PI' 

PAPT 

PACT 

PACT 

PAGSSI> 



RA.C. INWARD/OUTWARD TRANSFER -HIGH 
SPEED PERIPHERAL 



FC204 



ll\20:2r> 

IC2I :9 

lAI7Jr> 

lD13:li; 

1D13:1:; 

1AI(J:20 

1A4 12 

li:2H:l(i 

IDllHi 

IDllrl:; 

1DI2:1(; 

lD12tl2 

1 E27 :24 



13 OT 
25 Q] 
2 VN 
10 IF 
10 CD 
84 VP 
81 SR 
21 IP 
10 IP 
10 ON 
10 VF 
10 TD 
6r, HH 



CWl 

CWl — ;• STO 
READ 

RCU — > STO 

STO —i- SIN 

CLOCK 
SIN -^ DB 

DH — > PASO 
PASO — ^ C^ 
Q — > CWl 
CWl ■-> K 



iu;ii • - STO 
s'ln . SIN 

SIN ■> ])\^ 
nil - , ]>Aso 
i-ASO -> (^ 
Q — > cwo 

CVVU ■■■:■■ K 



SK'I CW 1. 

Pi;iou!Tii:s 






ICL 



1904A/S 
1903T 



FUNCTION 



sncp 1 

CWl 

CWl —s- STO 
READ 

RCR -^ STO 
STO -^ SIN 

CLOCK 
SIN -^ DB 

DB -^ PASO 

PASO — vQ 
Q — > CWl 
CWl — > K 
SKT IFS 



ST El' 2 


PASP2 


cwo 


PAltEOb 


CWU — > STO 


PACW-SAD 


REAi) 


PARI) 


RCR — > sro 


PAliCK 


STO --> SIN 


PADA 


CLOCK 


PADA 


si\- > nij 


PA DA 


DH -. PASO 


pak'-so 


PASO >■■ Q 


PASO Q 


Q --■ CUU 


PAC^ CWU 


CWt) ■ ■ K 


PAC'v\0 K 


sr;T CWl. 


PAycwi, 


PinnKliJKS 


PASKP 



SIGNAL 



PASPl 
PARKOO 

PACW-SAD 
PARD 
PAHCR 
PADA 

PADA 
PADA , 



PASO-Q 
PAQ-CWl 
PACWl-K 
PASPl 



COMMENTS 



STEP 1 is active. CWl is to be read from store and 
loaded into the CW buffer . 

Inserts a 1-bit in the 1. s. bit position of the encoder a<idress. 
Enables the encoder to produce store address 2r>t; »^ 4N ^ 1. 
i.e. CWl. 

Encoder addresses store on the SAD highway 

Initiates a store access request by settint; the ItCR stat. 

To store. Requests store access. 

Signal from store to indicate that control word CWl is 
available on the SIN highway. 

Starts the clock pulses. 

Initiates the GSIN signal which gates CWl into the data buJfer 
(e.g. PAOGSIN for data buffer 0). 

Enables the GSO signal (e.g PAOGSIN) which transfers CWl 
from the data bufft r to tlie PASO highway for parity checking 
and for transfer to the Q highway. 

Transfers CWl from the PASO highway to the Q highway. 

Transfers CWl from tlie Q highway to the control word buffer. 

Transfers CWl to the K highway for display only. 

IFS Stat. set. STEP 1 ends, STEP 2 commences. 



STEP 2 is active. CWO is to be read from store and loadetl 
into the CWO buffer. 

Inhibits the i-bit in the 1. s. bit position of the encoder 
address. The eneodei now produces store address 
2.'i(j + 4N ^ 0, i.e. CWO. 

Encoder adch'esses store on the SAD liighway. 

Initiates retjuest for a store access h^ setting the RCit slat. 

To store, lieciuests store access. 

Signal from store to indicate lli;it control wui'd CWO la 
available on the SIN highway. 

Starts the clock pulses 

Initiates the C.SIN sigfi;il (e.g. PAOGSIN) which transfei^, 
CWO inl<; the data buffei-. 

Enaliles the GS<) signnl (e.g. PAOGSO) which transf.-i >: 
CWO fiuni the data bufler to the PASO highway U>r [Kh ity 
checking ami foi Irai.sfcf to the Q highway, 

Tra(isref.s TWO Ifons the PASO higliwisy to the Q hJglAv.iy . 

Transfi'f.s CWO ffojii Die Q highway to the CWO bulTvi . 

TrausfiTs OWO (,. the K liigliway for display otil) . 

idiralf ili:it eonUol wurds arr lu;<,U-(i 



SL-ts CWl, si a 
Enables vuW] 



I sivv 



MP 



ED REF 
WCHQ3FN 



STEP 1 
enabling 
signals 



PACW L 
PARSMIX 
PA IPS 
PACT 
PAPf 

Enter 
STEP 1 

PASPl 

PAREOO 

PAC\\ SAD 

PARD 

PARCH 

PADA 

PAKS"o 

PASO-Q 

PAQ-CW] 

PACWl-K 



iDiaiL' 

ic:ii:y 
IAI7 i:t 
iDi:i: 1.: 

IDlLl-i 



lAHli^l 

11110:8 

lin7:0 

1C17:10 

lH10:22/24 

lCl9:li 

lB17:iO 

IB] 7:1 

KM7:2 

lB17:i:. 



10 CD 

2r. gi 

2 PN 
10 ID 
10 ON 



i EA 

1 (?T 

2 I i 1. 
2 t ) \: 

1 1 U'Q 
12 EA 

2 i:i 

2 IM 
2 lit) 
2 WM 



STEP 2 

STEi> 2 
enabling 
signals 

PACWl, 

PARSMIN 
PAl FS 
PACT 
PAPl 

Enter 
STEP 2 

PASP2 
PAREOO 
PACW SAD 
PARD 
PA14CR 
PADA 
PAK-SO 
PASO (J 
PA(^CV^O 
PACWO- K 
PAS( \\| 
PASKP 



lDi:i;l2 
IC^2i:!t 
1A17:1;. 
JDI2:12 
11)11:11^ 



1 h1< 



PA.C. LOAD CONTROL WORDS (STEPS 1 « 2) 



FC205 



1!) 



lBi7:ti 
1CI7;1 

iBi;);:^ 

IC 10 I 
1IU7:1 

iinv.i 



:i) 



2.. C^l 

2 VN 
10 J D 
10 (JN 



1 rr 

1 <Ji 

2 C[. 

2 oi; 

1 1 \V(^ 
12 KA 

2 i;i 

2 IM 

2 III; 

2 \1, 
2 ,1 I- 



CWl — 3>K 
ADDySUB 

K >SAD 

READ 

RCR— J>STO 
STO — J>SIN 
CLOCK 
SIN — ■> DB 
DB — > PASO 
MIL! — ->Q 

Q- >CW1 

SET A 
SET O 
SET IFS 



Kur. 
I i;.sr 

CLOCK 

MIA. ; V 

Q >C\VO 

pmoRinris 



JSSUE 



ICL 



1904A/S 
1903T 



FUNCTION 



ADDySUB 

K- >SAD 

READ 

RCR — »STO 

STO s> SIN 

CLOCK 
SIN >DB 

DB »-PASO 

MILL— ^Q 

Q — >CW1 

SETA 



SET IFS 
STEP 4 



CWO >K 



TKST' 


PAGMT 


CLOCK 


PACMT 


Mi ) ,L > Q 


PASO-CJ 


q , „._„>C\VO 


PAQ-CVVO 


i'lUOHJTlES 


PyVSKP 



SIGNAL 



J PAADD 
\ PASUB 

PAK-SAD 

PARD 

PARCR 

PAD A 

PADA 
PADA 



PAK-SO 



PASO-Q 
PA Q- CWl 

PASETA 



PASP3 
PASP4 



COMMENTS 



STEP 3 is active. CW 1 is to be updated and data in to be 
read from store and transferred to the data buffer. 

Transfers CWl, from the control woixi buffer to Uic K 
highway for addresshig of store and updating in the milL 

Updates CWl. Adds 1 for foi-Maiti addressing 
Updates CWl Subtracts 1 for backward add resfting. 

CWl addresses store via the K aiKl SAD highways 

Initiates a store access request by setting the RCR stat. 

To store. Requests a store access. 

Signal fiom store to Indicate that the requested d:aa is 

available on the SIN highway. 

Starts the clock pulses. 

Initiates the GSIN signal {e,g. PAOGSIN) which gates the 

data into the data buffer. 

Enables the GSO sigiial which gates the data from the data 
buffer to the PASO highway where parity is checked. 

Connects the mill output to the Q highway 

CWl (updated) is returned to the CW buffer from the Q 
highway. 

Sets the A stat in the active peripheral channel. Prohibits 
use of the data buffer by other peripheral channels connected 
to the buffer until the transfer of data to the selected 
peripheral has ended. Also activates the peripheral interface 
A line. 

Switches the DBO stat for outward transfer which activates 
the interface T line and initiates the data character gflling 
pulses, (e.g. PAOCHO for data buffer 0, first chaiacler). 

1F3 stat sets. STEP J ends STEP4 commences. 

STEP 4 is active. The count woi\] (CWO) is to be uix1at<xl 

and the count tested for zero content. 

Transfers CWO from the control woid buffer to the mill for 
uixlating. 

Decrements the count word by one for each dal i word 
received from store. 

Initiates the mill test . Sets the C'l' stiU when the uunl 

count is zero. 

starts the clock pulses. 

Connects the mill out|Ml to the Q highway 

CWO (updated) is rctuniod to tht: CW buffer from ih.' g 
Itighway. 

PATP stro!)CN priorities. 



tXTL 



PA.C OUTWARD TRANSFER (STEPS 3&4) 



FC206 



STEP 3 
enabling 
slgnaLs 

PACWL 
PAK.i:* 



PA IKS 
PAp'i' 
PACT 

Enter 
STEP 3 

PASP 3 

PACWl-K 

PAADD 

PASUB 

PAK-SAD 

PAJU) 



PARC ft 
PADA 



PAK-SO 



PASCVQ 
PAQ-CWI 
PASE'J-A 
PAS E TO 



STEP 4 
enablii^ 
signals 



PACWL 

PAK2:! 

PAJ^FS 

PAPT 

PACT 



EntiM- 
STEI'l 



I'ASPI 
PACU'O- K 

]»ASli]i 

I'Asa'g 

PASlO' 



M P 



iDi;»;io 

ICI2: 4 
lAl7:).'t 
]Ull:f2 
tDl2:I2 



!Alti:2 
lB)7:J.i 

lAI7:t8 
1A17:22 
fB17:l;:! 

IC17:IU 



1C19 11 
1B17 It) 
1 Al 7 :'„'*■> 
IC17:2 
1B17:24 
lB17;l*r. 



ED REF 

WCH03 fN 



10 IE 
H4 VP 
SJ UN 
10 GN 
10 '113 



t HF 
2 WM 
2 KO 
2 JN 
2 KM 
2 01-; 



1DI3:1G 

1A1G:20 
1A17:15 

11)1 LM'^ 



I A 1 V : 
IHiV: 
1 A I V : 
K iV 



11 WCi 

12 KA 
2 EI 

> PU 

2 iin 

2 IJ 

2 RK 



10 IK 

b4 VP 

2 VN 
10 CA" 
10 TI) 






CWO -^K 

K -^SAD 

SUB 

TEST 

CLOCK 

MILL ~> Q 

Q -♦ CWO 

SETA 

SET IN 

PRIORITIES 



CWl -^ K 
K -^ SAD 
ADD SDB 

V 

WCK -*■ ST(.) 
DB "■> T-AIH) 
Paso ■ -.^- Sl'O 

Ci.OCK 
MILL ~- Q 

q — ^ CWl 



UNSET A 
PRIORITIES 



FUNCTION 



CWO -*K 


PACWO-K 


K — s>SAD 


PAK-SAD 


SUB 


PASUB 


TEST 


PAGMT 


CLOCK 


PAGMT 


MILL -* Q 


PASO-Q 


Q^^CWO 


PAQ-CWO 


SETA 


PASETA 



SIGNAL 



ISSUE 



1 
Nov.72 



STEP 6 


PASP6 


CWl -^K 


PACWl-K 


K ^SAD 


PAK-SAD 


ADD SUB 

V 


PAADD 
' PASUB 


WRITE 


PARVW 


WCR —!> STO 


PAWCR 


DB —> PAS'.) 


PAK-SO 


PAt-X-} - -> SIO 


PAOCC 


CLOCK 


PAOCC 


MILL --=• Q 


PASO-Q 


Q —> CWl 


PAQ CWl 


UNSKT A 


PARSETA 


PRIOR rr IKS 


PASKP 



ICL 



1904 A/S 
1903T 



COMMENTS 



STEPS 

SIGNAL 



STEP 5 is active. The count portion of CWO is to be updated 
and at the end of the step transfer of the data word from the 
peripheral to the data buffer will commence. 

Transfers CWO to the K highway and to the mill. 

Transfers CWO from the K highway to the SAD highway. This 

is an unproductive transfer. 

CWO is decremented by one for each data word transferred. 

Initiates the mill test. Sets the CT stat. when the word count 
is reduced to zero. 

Starts the clock pulses. 

Connects the mill output to the Q highway. 

CWO (updated) is returned to the CW buffer from the Q 
highway. 

Sets the A stat. in the selected peripheral channel. Prohibits 
use of the data buffer by other peripheral channels connected 
to the buffer until a word erf data has been transferred to PAC 
from the periphera' and written away to store. Also 
activates the interface A line to the peripheral. 

Switches the DBO stat. for inward transfer which activates 
the interface T line to the peripheral and initiates the data 
character gating pulses (e.g. PAOTINO for data buffer 0, 
first character). 

PATP strobes priorities at the end of the step and PAC may 
now service another data buffer. The A stat. associated with 
the current transfer remains set therefore STEP 6 of this 
transfer must be entered when PAC resumes control of the 
buffer. 

The A stat. in the selected peripheral channel is still set and 
the peripheral R stat. sets when the fourth data character is 
being gated into the data buffer therefore STEP 6 is entered , 

Data is to be written from the data buffer into store and CWl 

is to be updated. 

Transfers CWl to the K highway and to the mill. 

CWl addresses store via the K and SAD highways. 

Updates CWl. Adds one if forward addressing. 
Updates CWl. Subtracts one if backward addressing. 

Sets the write store request stat. WCR. 

To store. Retjuests a store access. 

Enables GSO (e.g. PAOGSO) which gates the data from the 
data buffer to the PASO highway. 

Signal from store. Gatey dat;? into store. 
Starts the clock pulses. 

Connects the mill output to the Q highway. 

CWl (updated) is returned to the CW buffer from th:? Q 
highway. 



Unset 8 the A stat. The data buffe 
peripheral channels. 

PATP strobes priorities. 



/ available to other 



STEP 5 

enabling 
signals 



Enter 
STEP 5 

PASP5 

PACWO-K 

PAK-SAD 

PASUB 

PAGMT 




STEPb.x' 
"tJCNAL 



S'iEPC 
enabling 
signals 



PAK23 

PAASET 

PACWL 



Enter 
STEP (i 

PASPti 

PACWT-K 

PAK-SAD 

PAADD 

PASUB 

PARVW 

PA WCK 

PAK SO 

PAOCC 

PASO-Q 

PAQ CWJ 

PARytri'A 

PASKJt' 

PAK^a 

PAASKT 

PACWL 



MP 



REFER 

TO 
COL. 4 



lHH3;2r. 

1U17:I9 

1H17:12 

1A17:22 

1B17:2« 

1A17:2() 

1C17:3 

IB17:24 

1B17:20 

lBl():(i 

lAlt>:2n 

1K28:12 

1D11.12 

1D13.1G 

1D12:12 

1E27:24 



MP 



CONDITION 



H atnt 
set by 

Peripheral 



E.D. REF. 
WCH(Zi3FN 



1 Fl 

2 VL 
2 IIM 

2 JN 
2 HA 
2 P!! 

2 riB 

2 LI 
2 IF 
1 QP 
84 VP 

21 c:n 

10 CN 
10 IF 
10 TD 
65 RH 



RA.C. INWARD TRANSFER (STEPS 5 & 6) 



FC207 



1A16:4 

IBH:!;") 

IB!7:12 

1A17:]« 

1AJ7:22 

1C17:4 

lBly:2J 

lBI7:iO 

K:U):7 

lAl7;2ti 

IC]7:2 

1A17:25 

IB]ti:(i 

lAJ;!:;! 

lyA'H-.ii, 

IDKLKS 



CONDlTfON 



R stat. set 
' by Data 
Buffer confrol 



ED. REF 

WGH(Z)3FN 



1 FK 

2 WiM 
2 IfjM 
2KO 
2 JN 
2 vSC 

11 \vs 
2 Kl 

12 ,IA 
2 Pll 
2 Hit 
2KC 
1 QP 

bt su 

21 KP 
10 U- 











%UP1^ 








FUNCTION 


SIGNAL 


COMMENTS 


..-^^^NAL 


M.R 


CONDITION 


STEP? 


PASP7 


STEP 7 is active. CWl is to be unloaded. 


STEP 7 
enabling 
signals 








CWl 


PAREOO 


Inserts a l-bi<. in the 1. s. bit position of, the encoder 




I'raDufcr is 


address. Enables the encoder to produce store ^ '''ress 
256+4N-H. 




PACWR 




CWl -» STO 


PACW-SAD 


Encoder addresses store on the SAD highway. 


PAGRSW 
PACWL 


Refer to 
Column 4 


COUMl 

terminated 




WRITE 


PARVW 


Sets the store access request stat. WCR. 


PACT 








WCR — *> STO 
CWl -^K 
K-^PASO 
PASO — > STO 


PAWCR 
PACWl-K 
PAK-SO 
PAOCC 


To store. Requests a store Mccess. 

Transfers CWl to the K highway. 

Transfers CWl from the K highway *o the PASO highway. 

Signal from store. Oates CWl into store via the PASO and 


PASP6 


Rcfov to 
Column 4 


Transfer is 
' peripheral 
terminated 




1 




PAPT 
PACWL 
PACT 
PASP6 








HO highway s. 








CWl 










Enter 




ED. REF. 




CWi — s> STO 




CLOCK 

UNSET CWL 


PAOCC 
PARCWL 


Starts the clock pulses. 


STEP 7 




WCH<Z>3fN 




Unsets the CWL (control words loaded) stat. which enables 














entry to STEP 8. 


PASP7 


imfir24 


UN 




WlilTK 










PARFOO 


ini(j:8 


IQT 
2 0L 








PRIORITIES 


PASKP 


PATP strobes priorities. 


PACW -SAO 


IB 17; a 




WCR -^ STO 




STEP 8 


PASPB 


STEP 8 is active, CWO is to be unloaded. 


PARVW 
PAWCR 


1C17:4 
1IJ19:21 
lH17:ir) 


2 SC 
11 ws 




CWi -^K 




CWO 


PAREOO 


Encoder produces store address 256 + 4N + 0. 


PACWl-K 


2 WM 










PAREOl 




PAK-SO 


111)7:8 


2 FJ 


STEP? 


K -^ PASO 




CWO -^ STO 


PACW-SAD 


Encoder addresses store on the SAD highway. 


PAOCC 
PARCWL 


1C19:7 
ini7:21 


12 JA 
2 VG 




PASO -* STO 




WRITE 


PARVW 


Sets the store access request stat. WCR 


PASKP 


Ifllirfi 


1 QP 








WCR — * STO 


PAWCR 


To store. Requests a store access. 


PACWR 


lAiil;l2 


.20 GN 




CLOCK 










PAGRSW 


1B21:12 


120 r.]) 








CWO -» K 


PACWO-K 


Transfers CWO to the K highway. 


PACWL 


lD13:l<i 


10 IF 








K -^ PASO 


PAK-SO 


Transfers CWO from the K highway to the PASO highway. 


PACT 


H>i2:lf; 


10 VK 








PASO —* STO 


PAOCC 


Signal from store. Gates CWO into store via the PASO 


PASP<; 
PAPT 


1A16:4 
1 D 1 1 : 1 () 


1 FK 
10 IP 








CLOCK 


PAOCC 


and SO highways. 
Starts the clock pulses. 


PACT 


lDi2:12 


10 TD 


STEP 8^,--^ 
^..-^CNAL 












UNSET CT 


PARCT 


Unsets the CT stat. of the terminated peripheral channel, 
if set. 


M.P. 


CONDITION 


STEP 8 












UNSET PT 


PARPT 


Unsets the PT stat. of the terminated peripheral clianne!. 


enabling 












PRIORITIES 




I 


if set. 

PATP strobes priorities. 


signals 






PASKI 


PACWL 
PAGRSW 




UNsrr CWL 










itefcr to 


Transfer is 




PRIOR ITIKS 










Column 10 


count 














PACT 




terminated 














PASEQ 




Transfer is 




. 












PACWL 














Refer to 














PAPT 


Column 10 


■ periplitiral 












PACT 




teriiiiniilod 


PASP8 


ENTER 


E.DREF. 










STJJP H 


1I11G:22 


WCH<^3FN 






1 ..IQ 


PASl'b 


} 


r 








PACW-SAD 
PARV^V 


lHi7:(; 

JCI7;.1 


2 GL 

2 St: 


























l>AWCit 


linS):2l 


1 1 W^ 




cwo 










PA CWO -K 
I'AK W) 


iniYiii) 

1H17:H 


2 UL 
2 F.I 




CV/0 — > i<lX) 










l>AOCC 
PARCri^ 


)CI1):7 
K'17:'J 


12 JA 
2 JI 




WlU'i'K 










PARl'J 
PASKP 


IUI<i:(i 


2 WII 
IQP 




WCR — i- STO 










I'ACVN'L 

PAGIiSW 


U)1:J;I2 
1H21:1^ 


10 GD 
120 GJ) 




cwo -^K 










I^AC'I 

PAsijg 


IDiliiH, 
]A17:;i 


10 vi- 
2 OT 


STEP 8 


K -^ PASO 

PASO — 5> STO 

CmCK 

UNSKT CT 
UNSET PT 
PHUJUl'l'IKS 










PACVVL 

i>APT 

PAC'I 


11) I M: 12 
1 1 ) il : 1 lj 
'l)i;i:12 


10 CI) 
10 IP 
10 TD 


ISSUE 


1 

Nov. 72 
























ICL 


1904A/S 
<903T 


P.AC, UNLOj 


^D CONTR 


OL WORDS (steps 7 & 8) 


FC208 



CW3 

CW3 -^STO 

READ 
RCR — >STO 

sro-~j>siN 

CLOCK 
GIN — > DB 

DB J. PASO 

PASO— J>Q 



CWl 
SET IFS 



K 



rw2 

GW2 — > SI O 
RKAD 

HCR > S'J O 

STO ->S!N 

CtCTK 



SIN . 



' D]l 



D.!l -~->PASO 

PASO —.•■ Q 
Q > cwo 

CWO -->K 

TJNSKT C'i 

PitlORITIES 



ISSUE 



1 

Nov. 72 



ICL 



FUNCTION 



r.lCNAL 



CW3 


PAREOO 
PAREOl 


CW3 — *STO 


PACW-SAD 


READ 


PARD 


RCR — > STO 


PARCR 


STO >SIN 


PADA 


CLOCK 


PADA 


SIN — J-DB 


PADA 


DB —*- PASO 


PAK-SO 



PASO — >q i 


PASO-Q 


Q >CW1 


PAQ-CWl 


CWl -^K 


PACWl-K 


SET IFS 


PASP 9 


STEP 10 


PASPIO 


CW2 


PAREOl 


CW2 — ^ STO 


PACW-SAD 


READ 


PARD 


RCR J^TO 


PARCR 


STO- — i>sni 


PADA 


CHX^K 


PADA 



PASO —* Q 

Q __> cwo 



COMMENTS 



PASO-Q 

i-'AQ-CWO 



CWO — > K i PACMQ-K 

UImSKT CT \ PAHCT 



1904A/S 
t903T 



STEP 9 is active. Control word CWl is to be recharged 
from store address 256 + 4N + 3 (i. e. CW3) 



1 - bita are inserted tn the two l.s. bit 

positions of the encoder address. Enables the encoder to 

produce store, address 256 + 4N + 3 

Encoder address store on the SAD highway 

Initiates a store access request by setting the RCR stat. 

To store. Requests store access. 

Signal from store which indicates that control word CW3 is 
present on the SIN highway. 

Starts the clock pulses. 

Initiates the GSIN signal (e. g. PAOGSIN) which gates CW3 
into the data buffer. 

Enables the GSO signal which gates the control word onto 
the PASO highway for checking of parity and for transfer 
to the control word buffer. 

Transfers CW3 from the PASO highway to the Q highway. 

Transfers CW3 into the CWl section of the control word 
buffer. The control word will now be referred to as CWl. 

Transfers CWl to the K highway for display only. 

Sets the IFS stat at clock PATA to enable entry to STEP 10 
STEP 10 is active. Control word CWO is to be recharged 
from store address 256 + 4N + 2 (i.e. CW2). 

A 1-bit is inserted in bit position two of the encoder 
address. Enables the encoder to produce store address 

256 + 4N + 2 

Encoder address store on the SAD highway. 

Initiates a store access request by setting the RCR stat. 

To store. Requests store access. 

Signal from store which indicates that control word CW2 is 
present on the SIN highway, 

Startis the clock pulses. 

Initiates tlie GSIN signal which gates CW2 into the data 

buffer. 

Enables the GSO signal which gates the control word onto 
the PASO higliway for checking of parity and ic transfer 
to the control word buffer. 

Transfers CW2 from the PASO highway to the Q highway 

Tran.sfers CW2 from the Q highway to the CWO section of 
the control woid buffer. The control word will now be 
referred to as CWO 

Transfers CWO to the K highway for display only, 

Unsett^ the count-terminate stat. Enables enii7 to STEPS 3 
ar*d 4 for repetition of previouw data block. 

PATP strobes priorities. 



STEPS 

Enabling 

sigiutis 



PACWR 



PAGRSW 



PAI FS 



PASP6 

PACWL 

PACT 

Enter 
STEP 9 



PASP 9 

PAREOO 

PAREOl 

PACW-SAD 

PARD 

PARCR 

PADA 



PAK-SO 
PASO-Q 
PAQ-CWl 
PACWl-K 




MP 



1A21:16 
1B2I;12 
1A17:13 
lAlG: 4 
1D)3:16 
1D12.16 



JB16:ir> 
1B16: 8 
1BI6:20 
1B17: 6 
1C17:10 
1B19:22 
1C19.11 
1B17:10 
ID17: 4 
1C17: 2 
1B17:15 



E.D.REF 
WCH03FN 



120 JP 
120 CD 
2 UN 
1 FK 
10 IF 

10 vr 



1 FT 

1 QT 

1 (JS 

2 QL 
2 PE 
n WQ 
12 EA 



EI 
PJ 
I ID 
WM 



RAC. CONTROL WORD RECHARGE 
(steps 9 & 10) 



FC209 



120 IP 
:^o GD 

Z VN 
10 IF 
10 VF 



1 PA 

1 QS 

2 GL 
2 PE 
U WQ 
12 F\ 



EI 

P.I 
HB 
.VL 
JI 
QP 



CW3 (CW2) 


CW3(CW2)"»STO 


READ 


RCR -— s> STO 


STO — ^ SIN 


CLOCK 


SIN — 5>DB 


Dii > PASO 


PASO ~> Q 


Q— CWl 



CWl > K 

UNSKT CWL 

paroRiTTSs 



READ 

RCn -^ STO 

STO ;> SIN 

sni ■ --^■- DU 
1)11 - — -^ I A SO 
Ml LI, — >Q 

q > C'WM 

DNfaKT 1 i''S 



FUNCTION 



SIGNAL 



CW 3 {CW 2) 

CW3(CW2)"!^rO 
READ 
RCR—*- STO 

STO — »- SIN 

CLOCK 

SIN — >DB 



DB — > PASO 


PAK-SO 


PASO — > Q 


PASO-Q 


Q ^.^CWi 


PAQ-CWl 


CWl ~-» K 


PACW1~K 


UNSET CWL 


PAltCWL 



piyoraTiES 

STEP 12 



CWl ->K 


PACWi- K 


ADD ^ SUB 


[PAADD 
[PASUB 


K — 4» SAD 


PA K- SAD 


HKAD 


PAUD 


RCn -> bT(; 


PARCEL 


sro — *siN 


PADA 


cl(x:k 


PAD A 


SIN — >DB 


PADA 



DH -> FA so 

MILL— -^ Q 
Q ™^ CWl 

Sl'i'i' . 3EQ 
UNSET IPS 



ISSUE ^ 

Nov. 72 



ICL 



1904A/S 
1903T 



[PAREOO 
JPAREOI 

PACW-SAD 

PARD 

PARCR 



PADA 
PADA 



PASKP 
PASP 12 



COMMENTS 



LAK-SO 

rViSC-Q 
PA Q- CWl 

TASJ' 12 
i>ASP 12 



Items in brackets refer to the CWR mode of transfer. This 
applies ojily to charts FC210. 211 and 212. 

STEP 11 is active, CW3 (CWZ) is to be loaded a..:^ the CWl 
section of the control word buffer. 

Enables the encoder to produce the address of CW3 (CW2 
i.e. 256 -t 4N 4 2) 

Encoder address store on the SAC highway. 

Initiates a store access request by sotting the RCR stat. 

To store. Requests store access. 

Signal from store which indicates that CW3 (CW2) is 
present on the SIN highway. 

Starts the clock pulses. 

Initiates the GSIN signal which gates CW3 (CW2) into the 
data buffer. 

Enables the GSO signal which gates CW3 (CW2) from ^he 
data buffer to the lASO highway. Parity is checked 

Transfers CW3(CW2) from the PASO highway to the Q 
highway. 

Transfers CW3 (CW2) to the CWl buffer. The control word 
will now be referred to as CWl . 

Transfers CWl to the K highway for display only, 

Unsets the bontrol word loaded' staL Enables entry to 
STEP 12. 

PATP strobes priorities. 

STEP 12 is active. Store is to be addressed from the CWl 
buffer to obtain R ^ 2 (R) which will be transferred to the 
data buffer. CWl is to be updated to obtain store address 
of item R ^ 3 (R + 1). 

Transfers CWl to the K highway for addressing of store 
and for updating in the mill. 

Updates CWl Adds one for forward addressing 
Updates CWl Subtracts for backward addressing. 

CWl addresses store via the K and SAD highways., 

Initiates a store acces.s request by setting tlie RCR stat 

To store. Rtnjuests ;>Lore access. 

Signal from store which indicates that item R + 2 (I-t) from 
the table held in store is available on the SIN highway. 

Starts the clock pulses. 

Initiates the GSIN sign.il which gales R + 2 <R) into tiic data 
bsif f er . 

Enables the GSO signal which tniiisfors R ^ 2 (W) to the 

PASO higtiwa.y. Parity is checked. 

Connects the milt output to tlic <,^ highway, 
CWi (ii{xi:tttxl) is roturntd to the CWl buffer. 



SEQ stiit ,s('t.b 1 
I FS stai unstls J 



enables entry to ST IIP Li. 



RA.C. GRSW AND CWR TRANSFERS (STEPS 11 & 12) 



FG 210 



STEPJ 

SIGNAL 



STEP 11 
enabling 
slgBals 



PASP 6 
PA GRSW 

PACWL 
PACT 



Enter 
STEP 1 1 



PASP U 

PAREOO 

PAREOl 

PACW-SAD 

PARD 

PARCH 

PADA 



PAK-SO 

PASO-Q 

PAQ-CWl 

PACWl-K 

PARCWL 



PASKP 



STEP 12 
enabling 
signals 



PAGRSW 



PASEQ 
PACWL 
PACT 



Enter 
STEP 12 



PASP 12 

PACWI-K 

PAADD 

PASUB 

PAK-SAD 

PARD 

PARCR 

PADA 

P AK-SO 

PASO-Q 

PAQ-CWl 



M,R 



1A16: 4 
1B21:16 
D12:1(> 
lDl2rlti 



1A16:12 
IBIO: 8 
1B16:20 
1B17: 6 
1C17:10 
1B19:22 
1C19:11 
11117:10 
B17: 4 
1C17: 2 
1B17:15 
1B17:21 
IBIG: 6 



1B21:16 
1A17: 3 
1D13:I2 
1D12:16 



B16:10/1U 
lBI7:ir) 
1A17:18 
1AI7:22 
nU7:12 
1C17:10 
11119:22 
1 CI 9. 11 
llii7;10 
lA17:2fi 
1C!7: 2 



E.O.REF. 

WGH^3FN 



1 FK 

120 IF 
10 IV 
10 VF 



1 PC 

1 QT 

1 QS 

2 GL 
2 PE 

11 WQ 

12 EA 



EI 

PJ 

HD 

WM 

VG 

QP 



120 IF 
2 OT 
10 GD 
10 VF 



PE 
WM 
KO 
JN 
HM 
PE 

11 WQ 

1 2 EA 
2 EI 

PH 
2 HD 



ISSUE 



ICL 



DR -^ PASO 
PASO-*Q 

CLOCK 
Q -J> CWO 

SET IPS 



CWl -> K 
ADD SUB 

V 

K -~*SAD 

READ 
RCR s- STO 
STC>-5>SIN 

CLOCK 
SIN -> DB 
D» ^ PASO 
MILL -s^Q 
Q -> CWl 

SET 2FS 
UNSKT IFS 



1904A/S 
1903T 



FUNCTION 



DB - > PASO 

PASO -~* Q 
CLOCK 
Q — > CWO 

SET IFS 
STEP 14 

CWl -^ K 
ADD SUB 

V 

K — * 3AD 
READ 

RCR -^ STO 
STO — > SIN 

CLOCK 
SIN -^ DB 

DR ■-> PASO 

MILL -^ Q 

Q — > CWl 

SEl' 2FS 

UNSET IFS 



SIGNAL 



PASO-Q 
PASP 13 
PAQ-CWO 

PASP 13 
PASP 14 



PACWl-K 

J PA ADD 
JPASUB 

PAK-SAD 

PARD 

PARCR 

PA DA 

PA DA 
PA DA 



PASO-Q 
PAQ-CWl 



PASP 14 
PASP 14 



COMMENTS 



STEP 13 is active. Item R + 2(Ii) Is to be transferred from 
the data buffer to the CWO buffer 

Enables the GSO signal which transfers R + 2(R) from the 
data buffer to the PASO highway. 

Transfers R + 2{R) from the PASO highway to the Q highway 

Starts the ciock pulses. 

Transfers R + 2{R) from the Q highway to the CWO buffer. 
The control word will now be referred to as CWO 

The IPS Stat, sets to enable STEP 14. 

STEP 14 is active. Store is to be addressed from the CWl 
buffer to obtain item R + 3<R + 1) which will be read from 
store and transferred to the data bitffer. CWl is then to bt 
updated to obtain address of R + 4(R +2). 

Transfers CWl to the K highway for addressing of store and 
for updating in the milL 

Updates CWl Adds 1 for forward addressing. 
Updates CWl. Subtracts 1 for backward addressing. 

CWl addresses store via the K and SAD highways. 

Initiates a store access request by setting the RCR stat. 

To store. Requests read at'cess. 

Signal from store which indicates that item R + 3(R + I) is 
available on the SIN highway. 

Starts the clock pulses. 

Initiates the GSIN signal which gates R + 3(R t 1) from the 
SIN highway into the data buffer. 

Enables the GSO signal which gates R * 3(R ^ 1) onto the 
PASO highway for the parity check. 

Connects the mill output to the Q highway. 

Transfers the updated control word CWl from the Q highway 
to the CWl buffer 



The 2FS stat. sets 
The IFS stat. unsets 



enables STEP 15. 



IZE 

RAG. GRSW AND CWR 



TRANSFERS 



(STEPS 13 a 14) 



T 



Enter 
STEP 13 



M P 



E.D REF 
WCH03FN 



ST El* l.-i 
enabling 
signals 

PA IFS 
PA2FS 
PASEQ 




lA17:i;* 

lAl7;r, 

lAl7:ti 



lBl(i:19 
1B]7:10 
1B17:4 
lCn:3 



STEP 14 
enabling 
signals 

PA IF S 
PA2FS 
PASKQ 

Enter 
STEP 14 

PASP 14 

PACWl-K 

PA ADD 

PASUIi 

PAK-SAU 

PARD 

PARC.K 

PAPA 

PAK-SO 

PASO-Q 

PAQ CWl 



FC211 



lA17:ir) 

1A17;5 

iA17:t) 



lBlti:0 

IBIV:!;") 

lA17il8 

IA17:2J 

1B17:12 

IC17:10 

1B19:22 

1019:1! 

1B17:10 

lAl7;2(i 

1C!7:2 



2 UN 
2 OQ 
2 OT 



IPG 
2 EI 
2 PJ 
2 HB 



2 VN 
20Q 
2 0T 



1 II.J 

2 WM 
2 KO 
2 JN 
2 ilM 
2 OE 

11 WQ 

12 KA 
2 EI 

2 PM 
2 111) 



CW3 
CWl — * STO 
CWl — s> K 
K — » PASO 

WRITE 
WCR— s> STO 
PASO -* STO 

CLOCK 
SET IFS 



DB — J. PA St) 
PASO —^ Q 

CLOCK 
g - -i- CWl 
CWi ~>K 
UNSET IFy 
UNfiE'! 2FS 
UNSET Si:^) 
UNSE'l- CI 

sei <:\v!, 
piaoiu iiKs 



ISSUE 



FUNCTION 



CWl ►STO 

CWl — >.K 

— >PASO 

WRITE 
WCR — »^SfO 
PASO > STO 

CLOCK 
SET IFS 
STEP 16 

DB > PASO 



CLOCK 


PASP16 


Q -> CWl 


PAQ-CWl 


CWl >K 


PACWl-K 


UNSET IFS 


PASP16 


UNSET ZFS 


PASP16 


UNSET SEg 


PASP16 


UNSET CT 


PARCT 


SET CWL 


PASCWL 


pmoiujiFS 


PASKP 



ICL 



1904A/S 
1903T 



SIGNAL 



PAREOO 
PAREOl 



PACW-SAI") 
PACWl-K 

PAK-SO 

PARVW 
PA WCR 
PACX;C 

PAOCC 
PASP15 
PASP16 



PAK-SO 



COMMENTS 



STEPtS 

sicNALS 



STEP 15 is active. The contents of CWl buffer I.e. R + 4 
(R + 2) is to be written to store at addreas 25t) + 4N + 3, 

Insert 1 - bits in the two l.s. bit position of the encoder 
address. Enables the encoder to produce store address 
256 + 4N ^ 3 

Encoder addresses store on the SAD highway 

Transfer CWl from the control word buffer to the K 
hlgrhway 

Transfers CWl from the K highway to the PASO and SO 
highways for writing to store when store access is obtainod, 

Initiates a store access request by setting the WCR utal. 

To store. Requests store access. 

Signal from stci'e. CWl is written to store from the PASO 
and SO highways at address 256 + 4N + 3 

Starts the clock pulses. 

IFS Stat sets to enable entry to STEP 16. 

STEP 16 is active. Item R + 3 (R + 1) is to be transferred 
from the data buffer to the CWl buffer. 

Enables the GSO signals which gate R + 3 (R + 1) onto the 
PASO highway. 

Transfers It + 3 (R + 1) from the PASO highway to the Q 
highway 

Starts the clock pulses 

Transfers R ^ 3 <R t 1) to the CWl buffer. The control 
word is now referred to as CWl. 

Transfers CWl to the K highway. 



sfept 



IFS Stat unset s 

2FS Stat unsets 

SEQ Stat unsels 

CT Stat unsels 

CWL Stat selH. 

PATl^ strobes priorities 



Enabling signals for the nuxt step. 



STE0 15 
enabling 
signals 



PASEQ 
PAIFS 
PA2FS 



Enter 
STEP 15 



PASP 15 

PAUEOU 

PAREOl 

PACW-SAD 

PACWI-K 

PAK-SO 

PARVW 

PA WCR 

P/.OCC 



I CNAI S 



RA.C. GRSW AND CWR TRANSFERS 
(steps 15 & 16) 



FC212 



STEP 16 
enabling 
signals 



PASEQ 
PAl FS 
PA2FS 



Enter 
STEP 16 



PASP 16 



PAK-SO 

PASO-Q 

PAQ-CWl 

PACWl-K 

PAIICI 

PASCWL 



PASKP 



KP 



1A17:6 
1A17:13 
1A17:7 



1B16:5 

lB16:rt 

IB 16; 20 

1B17:6 

1B17:15 

1B17:H 

1C17:4 

1H19:21 

1C19:7 



1A17:6 
1A17:15 
1A17:7 



1B16:7 

1B17:10 

IB17:4 

1 CI 7:2 

1B17:15 

1C17:9 

1C17:7 

1B16:6 



E.D REF 
WCH03FN 



2 OT 
2 UN 
2 OR 



1 PK 
1 QT 

1 QS 

2 GL 
2 WM 
2 I-M 
2 SC 

n ws 

12 JA 



2 OU 
2 VN 
2 OR 



1 PM 

2 O 
2 PJ 
2 HD 
2 WM 
2 JI 

2 JE 

I QP 



